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T

he 1970s witnessed a substantial
growth in Utah 's elderly population
as the increment alone exceeded the
actual number of elderly present in the
state in 1940 (for further detail , see
Stinner, Kwon and Baal, 1983; Stinner,
Baal and Kwon, forthcoming) . Elderly
population growth occurs through a
combination of " aging in place" and
elderly net migration. In this article we
wish to assess the pattern of elderly
migration between 1975 and 1980. The
elderly population is defined as those
persons who were 60 years of age or
older at the time of the 1980 census.
We specifically address the
following: (1) the prevalence of
migration and particularly long distance
migration among the elderly relative to
the population at large (5 years of age
and over in 1980); and (2) differences in
age and gender composition between
elderly migrants and nonmigrants in
Utah as well as among different classes
of migrants differentiated by a proxy
indicator of migration distance.
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Data
The data for the analysis are drawn
from the 1980 Census of Population.
Since 1940 the Bureau of the Census
has been asking a question related to
place of residence ' 'x" years prior to
the census. In each census from 1940
to 1980, excepting 1950, a sample of
census respondents were asked their
place of residence five years prior to the
census. For example, in 1980
respondents were asked their residence
on April 1, 1975. In 1950, the interval
was 1 year, i.e., April 1, 1949, to avoid
difficulties associated with the milling
around in the immediate aftermath of
World War II .
In our analysis, a migrant is a person
who lived in a county in 1975 different
from that in which they were residing at
the time of the 1980 census. Th is
migration defining boundary is standard
protocol in analyses based on United
States census data. Additionally, we
employ a proxy for migration distance
using state and regional boundaries. A
short distance migrant is a person who
crossed a county boundary but did not
leave the state of Utah between 1975
and 1980. A medium distance migrant is
a person who lived in Utah in 1980 but
lived in another western state in 1975
while a long distance migrant is a
person who lived in Utah in 1980 but
lived outside the West in 1975. The
western region includes Alaska, Arizona,
California, Colorado, Hawaii , Idaho,
Montana, Nevada, New Mexico, Oregon ,
Washington, and Wyoming .
Place of residence "x " years ago
data are not without their limitations.
For example, persons who migrated and
subsequently died prior to the census
would not be enumerated. Especially
among the elderly this could produce an
undercount of the number of migrants
and the prevalence of migration.
Multiple migrations during the five-year
period are not captured. Since migration
probabilities and especially repeat
migration are low among the elderly,
this problem should not yield extensive
bias. Finally, persons who left their 1975
county of residence but subsequently
returned would not be counted as
migrants. Thus , for example, an elderly
person who lived in Cache County on
April 1, 1975, migrated to Sun City,
Arizona, in 1977, but then returned upon
the death of their spouse prior to being
sampled and enumerated in the 1980
64 UTAH SCIENCE

Elderly migrants
are more likely to be
younger and women
census would not be termed a migrant
since the intervening migration would
not be secured. Despite the above
deficiencies, the data, nonetheless,
provide us with important information on
the size and composition of elderly
migration streams .

Findings
Table 1 contains data on the prevalence
of migration and the distance of
migration between 1975 and 1980 for
the elderly population and the population
5 years of age and over in 1980. The
elderly population was less likely to
have migrated between 1975 and 1980
than the population 5 years of age and
over. Specifically, only 1 in 11 of Utah 's
elderly in 1980 compared to about 1 in 4
of the total population had changed their
county of residence between 1975 and
1980. This is consistent with most
studies showing the low rate of
migration among the elderly. Finally,
elderly Utahns in 1980 were less likely
to have lived abroad in 1975 than the
population at large.
The general patterns across distance
categories are similar for elderly
migrants and migrants in the population
5 years of age and over. That is, the
largest percentage of migrants had
come from another state in the western
region and the lowest from other regions
in the United States. The prevalence of
intrastate migrants was intermediate for
both groups. Nevertheless, elderly
migrants were more likely to come from
another western state than the
population at large (51.1 vs 43 percent)
and less likely to have originated outside
the West (14.1 vs 22.5 percent).
In Table 2 we examine differences in
age composition. Elderly migrants were
about one-half year younger than elderly
nonmigrants. Elderly migrants were
somewhat more likely to be less than 70
years of age and less likely to be 70
years of age and older than their
nonmigrant counterparts.
Variations in distance traveled are,
however, evident among migrants.
Specifically, the greater the distance the
younger the migrant. Elderly persons

who migrated into Utah from outside the
West were nearly one and one-half
years younger than those elderly
migrants who merely migrated within
the state. Thirty-six percent of interregional migrants were less than 65
years of age compared to 29.4 percent
of intrastate migrants. Conversely,
slightly more than 40 percent of interregional migrants were 70 years of age
or older compared to 47 percent of
intrastate migrants. The age compOSition of elderly persons who came to
Utah from other states in the West
tends to lie in an intermediate position.
We now turn to an assessment of sex
ratios (males per 100 females) in Table
3. It is immediately apparent that
females predominate in all cells of the
table excepting short distance migrants,
60-64 years of age. This female
prominence reflects the higher survival
probabilities of women relative to men.
Nonetheless, we do find that sex ratios
are relatively lower for elderly migrants
than for elderly nonmigrants. The differences are greater below age 70 than
at age 70 and above.
Unlike with age composition , we
observe no consistent pattern in sex
ratios for the total elderly population
across our proxy for distance. Instead,
medium distance migrants coming into
Utah from other states in the West
exhibit higher sex ratios than either of
the polar groups. Nonetheless, the sex
ratio is lowest among long distance
migrants, wherein there were only about
58 elderly men for every 100 elderly

TABLE 1. Migration status of Utah's
population 5 years of age and
over, and elderly (60 years of age
and over) population: 1980.

Migration
Status and
Distance

Elderly
Population Population
(5 Years of (60 Years
Age and of Age and
Over)
Over)

Total
Nonmigrant
Migrant
Abroad in 1975

100.0
73.6
24.4
2.0

100.0
90.5
9.2

Migration distance al
Short
Medium
Long

100.0
34.5

100.0
34.8
51 .1
14.1

43.0
22.5

0.3

alS ee text for definition.
Source: Data calculated from U.S. Bureau of the Census. 1983:
Table 200.

women . Divergent patterns are evident
across age groups. Among the youngest
and oldest age groups, the sex ratios
decline from short to long distance
migrants. This is particularly apparent
among those 75 years of age and over
in 1980 wherein the sex ratio (30.5
males per 100 females) for long
distance migrants is less than one-half
that of short distance migrants. On the
other hand, among elderly migrants
aged 65-74 in 1980, the pattern is
curvil inear with the highest sex rat io
evident among medium distance
migrants. i.e., similar to the elderly
population as a whole.

Conclusions
Elderly persons residing in Utah in 1980
were less likely to have migrated between 1975 and 1980 than the
population at large. Moreover, if they
had migrated, they were more likely to
have made a medium distance migration
from another state within the western
region and less likely to have originated
in another reg ion. outside the West than
the population at large. No differences
were evident between elderly migrants
and migrants in the population at large

in the prevalence of short distance (or
intrastate) migration. Despite the low
migration probabilities and low tendency
to have originated outside the West, it
should be borne in mind that nearly
14,300 elderly living in Utah did migrate
between 1975 and 1980, of whom over
9,300 originated outside Utah and over
2,000 outside the West. These numbers
have and will continue to impact the
social , economic, and political structure
of the state.
We also observed that elderly
migrants tended to be younger and were
more likely to be women than elderly
nonmigrants. In the latter case, the
differences are more apparent among
younger than older elderly. Also of note,
the greater the migration distance the
younger the body of migrants. The
relatively high percentage of older
elderly among short distance migrants
may reflect migrations based on
assistance motivations, for example,
migrating to a county where nursing
home facilities are available (on
assistance-based motivations for
migration among the older elderly, see
Wiseman , 1980; Patrick, 1980). The
relatively higher percentage of younger
elderly among long-distance migrants

TABLE 2. Age composition by migration status and distance for Utah's elderly (60 years of
age and over): 1980.
Age
Total (60 and over)
60-64
65-69
70-74
75 and ove r
Median Age

Migration Status

Dlstance ai

Nonmigrant

Migrant

Short

Medium

Long

100.0
30.0
24.0
19.2
26.9

100.0
31 .2
25. 5
17.6
25.7

100.0
29.4
23.6
18.2
28.9

100.0
31 .2
27.2
18.2
23.4

100.0
35.9
23.7
14.5
25.8

69.2

68.7

69.4

68.5

68.0

alSee text for definitions.
Note: Some percentages do not sum to 100.0 due to rounding errors.
Source: See Table 1.

Total (60 and over)
60-64
65-69
70-74
75 and ove r
alSee text for definitions.
Source: See Table 1.
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TABLE 3. Sex ratios (males per 100 females) by migrant status, distance, and age for Utah's
elderly (60 years of age and over): 1980.
Age

may signal a high prevalence of recent
(and early) retirees migrating in search
of amenities (see Wiseman, 1980 on
amenity motivations).
An especially interesting note is the
very low sex ratios among long distance
migrants as a whole, and especially in
the oldest age group (75 and older) and
secondarily the youngest (60-64). The
pattern would suggest a disproportionate number of widows in these two
groups. Are they coming to Utah to be
near their children, or merely returning ,
or coming from the major metropolitan
centers in other regions to live in
emergent congregate housing in what is
perceived as a more hospitable environment. Alternatively, did these
women migrate as part of a retired
couple but outlived their husbands upon
arrival; hence, were counted in the
census while their husbands were not.
If this is part of the explanation, why
should differential survival be unique to
long-distance migrants. Further and
more detailed analyses shou ld serve to
cast some light on this matter.

Migration Status

Distance ai

Nonmlgrant

Migrant

Short

Medium

Long

79.5
94.0
85.5
80.5
60.7

71 .2
87.9
78.2
77.4
56.9

67.5
103.6
74.5
71 .7
64.5

77.9
87.4
80.8
82.6
60.8

57.6
64 .3
77.1
73.3
30.5
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Precipitation vs.
I
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t is widely recognized that weather,
notably precipitation , is usually the
critical factor limiting dryland wheat
production in Utah. When the new
Dryland Station was established in 1965
at Bluecreek in Box Elder County, one of
the objectives was collecting detailed
weather data. Precipitation and temperature data has been collected
continuously since 1965. In 1973 an
evaporation pan was installed with
readings being made April through
September. Summary precipitation data
for a 19-year period are listed in Table
1. Evaporation pan and precipitation
data for an 11-year period are shown in
Table 2.
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TABLE 1. Bluecreek precipitation data.
Year

Jan.

Feb.

Mar.

April

May

June

1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

.85
.70
0
0
1.80
2.75
2.00
.70
1.36
1.83
.65
.93
.70
1.92
1.65
3.66
.18
1.20
.80

1.66
.85
1.45
2.58
0
.50
0
1.65
.68
.86
1.00
1.40
0
1.85
1.97
3.05
.88
1.20
2.50

.20
.52
.80
1.12
3.25
1.10
1.40
.78
2.40
.45
2.83
.90
.31
3.10
1.25
1.33
2.03
2.85
1.98

2.42
.20
2.55
.60
.52
.48
1.57
.98
.75
1.50
1.20
2.18
.15
2.50
.28
1.27
1.00
1.30
1.18

.70
1.92
1.95
1.57
0
1.71
3.15
.65
.93
.40
1.96
1.52
4.06
1.01
1.45
4.65
3.25
3.30
2.98

2.40
.70
4.42
2.97
1.73
1.20
2.45
.95
1.70
.40
1.00
.88
.50
.55
.30
1.78
.55
1.65
1.83

AVE

1.22

1.27

1.50

1.19

1.96

1.47
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July

Aug.

Sept.

Oct.

Nov.

Dec.

Total

.65

1.10
.76
.40
.11
.69
1.53
1.60
.95
3.55
0
.26
.72
1.40
1.42
0
.88
.10
4.30
1.70

0
0

.75
.52
.25
.75
1.10
.10
1.61
1.08
1.71
.50
.40
0
1.60
.35
.75
2.30
2.08

.75
.90
.25
2.99
.35
.73
1.95
.35
.78
.35
.25
2.30
1.25
1.60
1.37
.43
0
0
2.66

.40
1.06
1.70
1.63
1.62
2.45
.60
2.45
2.08
1.05
.45
0
1.80
.92
2.90
.95
2.90

3.10
.82
0
.35
.60
.50
1.18
1.55
.85
.80
.31
.10
1.41
1.00
1.08
.75
.80
2.15
1.45

0
1.56
1.25
1.10
.40
2.13
0
.76
1.48
.60
.85
0
1.20
1.35
.08
.80
3.00
2.80
4.25

13.83
8.93
14.22
14.97
11 .29
15.01
18.02
11 .87
16.69
10.72
14.10
12.48
12.43
16.30
12.83
19.37
15.44
24.00
26.31

.87

1.01

1. 13

1.31

.99

1.25

15.20

0
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Wheat Yields
The most notable fact from these
data are the extreme variations that
have been measured. Precipitation has
ranged from a low of 8.9 inches in 1966
to a high of 26.3 inches in 1983. Since
moisture is often the limiting factor
affecting wheat yields , it might be
assumed that precipitation data would
be correlated with yields. Figures 1
through 4 show data for the past
nineteen years plotted as annual , water
year, April-May-June, and two-year
fallow precipitation. When yield data,
Figure 5, are compared with annual
precipitation, Figure 1, it is obvious that
they are not highly correlated.
Water year precipitation , Figure 2,
also shows little relationship to yields.
Spring storms could be correlated with
yield ; however, data shown in Figure 3
indicates that this is not true. When
precipitation for the two-year fallow
period (Figure 4) is compared with

yields, the two curves are somewhat
similar. The effect of nitrogen fertilizer
on wheat yields as affected by
precipitation has been very significant
during the nineteen years the data has
been collected.
Although total precipitation is usually
the limiting factor in dryland wheat
production, other yield components can
have a significant positive or negative
effect. The following factors have a
marked effect on yields :
1. Soil moisture conditions in the fall.
2. Stand establ ishment and fall growth.
3. Depth and duration of snow cover
(most critical in areas where snowmold is prevalent).
4. Whether or not soil is frozen .
5. Extent of winter injury, primarily
snowmold.
6. Spring temperatures and frosts .
7. Fertility status of the soil.

TABLE 2. Bluecreek pan evaporation (Inches/month).
Year
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
AVERAGE

April
5.9
8.6
5.1
5.9
5.0
6.1

May

June

July

Aug.

Sept.

Oct.

Total

10.5
10.1
6.1
8.9
7.2
6.9
9.7
5.6
5.7
6.1
6.0

12.3
13.3
9.3
10.9
11 .0
9.4
11 .8
7.9
8.6
8.8
7.2

11 .5
15.1
12.5
12.7
15.2
13.0
15.6
12.2
13.3
12.0
9.8

13.0
13.6
11 .9
11 .3
11 .1
12.6
11 .8
12.7
14.1
12.3
10.0

7.2
11 .7
9.9
8.6
8.4
6.7
14.1
10.0
Deer
10.3
9.0

3.6
5.5

58.1
75.2
49.7
52.4
61 .5
53.7
63.0
48.4
47.6
54.5
42.0

7.5

10.0

12.9

12.2

9.6

55.1

Precipitation (Inches).
Year

April

May

June

July

Aug.

Sept.

Total

1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

.75
1.50
1.20
2.18
.15
2.50
.28
1.27
1.00
1.30
1.18

.93
.40
1.96
1.52
4.06
1.01
1.45
4.65
3.25
3.30
2.98

1.70
.40
1.00
.88
.50
.55
.30
1.78
.55
1.65
1.83

1.61
1.08
1.71
.50
.40
0
1.60
.35
.75
2.30
2.08

.78
.35
.25
2.30
1.25
1.60
1.37
.43
0
0
2.66

3.55
0
.26
.72
1.15
1.42
0
.75
.10
4.30
1.70

9.32
3.73
6.38
8.10
7.51
7.08
5.00
9.23
5.65
12.85
12.43

AVERAGE

1.21

2.32

1.01

1.13

1.00

1.27

7.93

8. Timeliness of storms, fall , spring and
summer.
If all these yield components are in the
favorable mode, then maximum yields
usually occur, however, unfavorable
conditions with any single factor can
significantly reduce yields. The low
yields reported on certain years reflect
snowmold damage.
Data collected at the Nephi Dryland
Station over a 50-year period showed
timel iness of storms was more important than total preCipitation in influencing yields .
ABOUT TH E AUTHORS
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TABLE 3. Bluecreek precipitation data summary.
Water 2·year Fallow April·
June
YearAug·July

Year

Annual

1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

13.8
8.9
14.2
15.0
11 .3
15.0
18.0
11.9
16.7
10.7
14.1
12.5
12.4
16.3
12.8
19.4
15.4
24.0
26.3

14.1
9.7
15.0
14.1
11 .1
13.5
19.5
9.9
18.5
9.8
14.7
14.6
9.9
17.0
12.2
20.4
11.2
24.8
23.6

25.8
27 .6
24.8
25.4
30.4
30.4
27 .7
29.3
28.3
26.6
22.4
26.9
30.5
34.3
32.8
33.0
44.0

5.5
2.8
8.9
5.1
2.3
3.4
7.2
2.6
3.4
2.3
4.2
4.6
4.7
4.1
2.0
7.7
4.8
6.3
6.0

Average 15.2

15.0

29.4

4.6

· Oc l-$ept.
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THE
Tor
HOME
CANNING
BIG BUSINESS WITHOUT REGULATION

C

anning of fruits, vegetables and
meats is the most popular
method of preservation among Utah
consumers. Freezing ranks second in
popularity only because of the limited
amount of storage space available in the
home and the relatively high cost of
storing the frozen foods. Dehydration is
still a novelty in most households. Its
usefulness has mainly been in the preparation of dried fruits which are eaten
as snacks without any appreciable long
term storage being done. Everyone has a
favorite pickle, sauce or relish recipe,
consequently a good share of the
canned foods are pickled products. Fermentation has been used to make yogurt
and cheese in the home. Smoking , curing
and salting are most popular with the
rural folks who raise their own hogs or
the great outdoorsmen , mountain men
and hunters, who wish to acquire the
skills of Davey Crockett, Jedediah Smith
or Hyte Covert. Jerky and smoked fish
are two popular items with our modern
day frontiersmen .
Although most of the food preserved in
the home may be acquired by the consumer in the commercial market place,
home preservation continues to be an
important part of the Utah culture.
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Personal satisfaction and self sufficiency
are important reasons given for preserving foods at home. Total costs of
home preservation are relatively high
when labor and production costs are
included in comparison with commercially preserved foods. Consumers are
not in the preservation business for
economic reasons. Independence from
commercial establishments and
providing a part of what the family wants
seem to be the motivation for processing
more foods in the home.
Many consumers do not realize the
risk involved in home food preservation .
Risk refers to the probability of illness or
death occurring as the direct result of
participation in an activity. Commercial
food processing and food handling establishments are regulated by the Food
and Drug Administration (FDA), the U.S.
Department of Agriculture (USDA) and
the Public Health Service (PHS). Legislation to insure safe practices in the
commercial food industry was implemented in the '20s and '30s to reduce
the risk of consuming foods that would
cause harm to the consumer. These
practices make it possible for U.S.
consumers to enjoy the safest and most
abundant food supply in the world .
Although the principles of home food
preservation duplicate closely those used
commercially, consumers who preserve
foods in the home are for the most part
self-regulated . Independence from regulation means consumers must be
responsible for their own actions.
Everyone must follow the safety rules
that apply to food preservation or be
prepared to bear the consequences.
Utah consumers could improve their
food safety record, reduce the incidence
of food poisoning outbreaks, reduce
absenteeism from the work place and
insure that safe preservation practices
are used in the home simply by obtaining
up-to-date reliable information. Using our
parents as a source of information may
not be wise. If they are still using preservation methods that were popular in
the '30s and '40s, they may not be aware
of the newer recommendations that are
less risky than those from a past era. We
have recently had two cases of botulism
in Utah (1981, 1984). In both cases consumers were using methods with high
risk. In the 1981 case, a consumer was
using the obsolete "open kettle" method
of canning tomatoes. In the more recent
case (1984), a consumer was using the
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waterbath method to process a
vegetable (low acid food, 1890-1900).
Two individuals could have avoided long
term confinement in the hospital if these
consumers would have considered the
safety and reliability of their choice of
processing methods. Selection of the
waterbath method for the tomatoes and
the pressure canner method for the
vegetables respectively would have
eliminated two serious mistakes.
Studies conducted at USU during the
1975 canning season indicated that Utah
consumers need to make a greater effort
to obtain up-to-date information on processing times for canned foods .
Processing times were collected on 156
samples of tomatoes from 29 Utah
counties. USDA recommended times for
processing tomatoes in the waterbath
are given in Table 1.
The actual processing times used by
home canners (Table 2) in Utah show
that 85 percent of the raw packed
samples and 30 percent of the hot
packed samples were underprocessed.
Consequently, we can conclude that
many Utah home canners subject family
members to unnecessary risk either
because of lack of knowledge or not
realizing changes have taken place in
the safety recommendations.
Many questions relating to the canning
of tomatoes are received in USU's
county and state Extension offices each
year. Some confusion exists among Utah
consumers as to the recent recommendations printed by the U.S.
Department of Agriculture in the Home
and Garden Bulletin '8 "Canning fruits
and vegetables." Prior to 1983, the
recommendations for canning tomatoes
were 45 minutes in a boiling waterbath
for raw pack tomatoes and 10 minutes in
a boiling waterbath for hot pack
tomatoes (sea level). When adequate
acid is present in the tomatoes (pH 3.94.3), these recommendations are safe
and reliable . Canning varieties of Utah
grown tomatoes have adequate acid and
may be processed using these recommendations (Table 3).
In other parts of the country, California
and the eastern states, new varieties and
older varieties grown under different soil
conditions have been shown to lack the
proper amount of acid to be processed
using the pre-1983 recommendation.
Consequently USDA's new recommendations for these varieties are that they

be hot packed and processed 45 minutes
in a boiling waterbath .
Some consumers wishing to broaden
their margin of safety have attempted to
acidify tomatoes and tomato juice with
vinegar and lemon juice. Both of these
acid solutions are very diluted and at
levels of 1-2 teaspoons per quart have
very little affect on increasing the acidity
of tomato products. The most effective
acidifying agent that is available to the
consumer is pure dry citric acid. One
teaspoon per quart of tomato product will
increase the acidity from 4.5-4.6 to 3.73.8 (the lower the number the greater the
acidity). It would require 5 to 6 times as
much vinegar and lemon juice to even
approach this amount of acid change in
tomato products.
Most respectable sources of canning
information suggest that over-ripe
tomatoes not be used for canning . Overripe fruit (soft, sometimes broken) has
less acid (pH 4.6-4.8) than firm ripe fruit
at the peak of harvest (pH 3.9-4.3) Waterbath methods may not be effective in
controlling the production of toxin by
Clostridium botulism at the lower acid
levels.
Utah consumers delight in concocting
mixtures of tomatoes and low acid foods
in combination. Soups, sauces, and
juices are produced using various quantities of low acid foods including vegetables, grains, meats, etc. In many cases
excess quantities of the low acid foods
dilute or neutralize the acid in the tomato
component to a point where the mixture
would no longer be classified as a high
acid food. In 1983, the USU Extension
Service published a new bulletin entitled
"Tomato and Low Acid Food Mixtures."
The purpose of this publication was to
provide tested safe reCipes to consumers
who desired to produce and can these
products. The bulletin contains some 1820 tested recipes for soups, sauces, and
other tomato-based food products. The
publication is available from all county
extension offices.
As consumers who preserve foods at
home, we are responsible for the safety
of the food we process. We each have
the responsibility to ensure that the
equipment we use is operating properly,
the recipe we follow is a tested recipe,
that we follow carefully the processing
steps and subsequently provide our
families with a safe nutritious food
supply!

Outdated methods
and/or underprocessing
subjects families to
unnecessary risks
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TABLE 1. USDA recommended processing
times for tomato products in
Utah.Processing
method

Temperature

Time b
(minutes)

Boiling water

at. 55

Waterbath
Raw pack

Pt. 45
Hot pack

at. 15

BOiling water

Pt. 15
aAn average altitude of 5.000 feet were used.
brime includes an altitude adjustment.

TABLE 2. Processing times for home·
canned tomato products using
the waterbath method.

Number of
sam~les

Minutes
RAW PACK
5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41 -45
46-50
51-55
56-60
HOT PACK
5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
56-60

Quarts Pints
0
2
2
26
0
9
22
8
26
1
19
1

0
8
4
9
6
4
5
1
2
0
5
0

0
2
3
2
0
1
5
4
9
1
4
0

0
2
7
6
1
3
2
0
9
1
1
0

Number of
samples
exhibiting
no vacuum
Quarts

Pints

0
0
2
1
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
1
1
0
0
1
0
0
0
0
0
0
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TABLE 3. pH of fresh tomato samples collected in Utah counties during 1975.
Tomato variety

No. of
counties

No. of
samples

171
15
4
3
11
4
19
5
2
2
3
6
1
2
2
6
3
6
4
14
3
3
5
5
a"Cherry" refers to tomatoes 2·3 cm in size and not a specific variety.
b" Yeliow" refers to color and includes several varieties.
Un identified
Beefsteak
Stone
Moscow
Fantastic
Early Girl
"Cherry"a
Del Monte
Burpee Hybrid
Big Boy
OX 5212
" Yellow "b

Average
pH

Range
of pH

4 .22
4.01
4.18
4.15
4.34
4.08
4.19
4.16
4.18
4.20
4.12
4 .17

3 .78-4 .55
3.90-4 .10
3.80-4 .33
3.90-4 .49
4.21-4.47
3.81-4 .30
4.14-4.24
3 .90-4.30
4.02-4 .30
3.94-4.55
4.00-4.30
4.03-4 .35
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PHOTO CAPTIONS
FIGURE 1

A considerable portion of native rangeland
in the Intermountain region was originally
composed of a mixture of grasses, forbs
and shrubs. Overgrazing and fire suppression, however, reduced herbaceous
forage production and increased the
production of certain undesirable shrubs,
primarily unpalatable subspecies of big
sagebrush (Artemisia tridentata).
FIGURE 2

Crested wheatgrasses (Agropyron
crista tum and A. desertorum) were the
most common species used to improve
sagebrush ranges, and they have been
seeded on approximately 4 million hectares of the North American West.
FIGURE 3

The aspect of the research being conducted in Logan, Utah, is designed to
evaluate interactions among different
plant species growing in different combinations on small plots (8m x 8m).
FIGURE 4

Although the protein content of mature
crested wheatgrass is low, the energy
content is high. Palatable shrubs can
provide a source of protein, and serve as
an emergency ration during periods of
heavy snow.
FIGURE 5
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The winter grazing research conducted
south of Nephi, Utah, was designed to
compare the nutrition of sheep on shrubcrested wheatgrass pastures with that of
sheep on crested wheatgrass monoculture
pastures.
FIGURE6

Properly timed spring grazing of crested
wheatgrass ranges may enhance shrub
establishment.

A

considerable portion of native
rangeland in the Intermountain
area was originally composed of a
mixture of grasses, forbs and shrubs.
Overgrazing in the early part of this
century and subsequent fire suppression
reduced herbaceous forage production,
however, and increased the production
of undesirable shrubs (Figure 1),
primarily unpalatable subspecies of big
sagebrush (Artemisia tridentata) . As a
result, much research and management
effort focused on removing sagebrush
and seeding herbaceous forage species.
Crested wheatgrasses (Agropyron
crista tum and A. desertorum) , the most
common species used to improve
sagebrush ranges, have been seeded on
approximately 4 million hectares of the
North American West (Figure 2). These
grasses have been extremely important
to livestock because they provide a
source of nutritious forage during
spring .
Nevertheless, a mix of palatable
grasses, shrubs, and forbs may provide
several advantages that a grass
monoculture cannot. The net primary
production of such a mix may be higher
because of the more complete use of
soil moisture and nutrients that results
from different rooting depths and
periods of active growth (phenologies).
Simultaneously, forage losses to insects
and diseases that are more common in
monocultures may be reduced. Also,
from the standpoint of forage for
livestock, a grass-shrub-forb mix has the
potential to increase forage quantity and
quality and increase the length of the
grazing season. This may be possible

without any actual increase in net
primary plant production. Rather,
livestock may be able to utilize a larger
portion of this production throughout the
year.
The Range Science Department at
Utah State University, in conjunction
with the Utah Agricultural Experiment
Station, has recently initiated a research
project evaluating the potential for increasing the productivity and nutritive
value of crested wheatgrass ranges by
interseeding them with palatable shrubs
and forbs . Specific objectives are to:
1. Evaluate interspecific relationships in
multi-species plantings ;
2. Determine the effects of multispecies plantings on livestock nutrition
and feeding behavior during winter;
3. Determine the effects of spring
grazing on the establishment of multispecies plantings.
The initial experiments were conducted
in 1983, and the project will continue
until 1987.

INTERSPECIFIC RELATIONSHIPS
Background
While competition from sagebrush
reduces the production of associated
herbaceous plants, some shrub species
appear to enhance the production of
grasses and forbs. For example,
Frischknecht (1963) noted an interesting
contrast when crested wheatgrass grew
in association with sagebrush and
rabbitbrush (Chrysothamnus nauseosus).
He found that when crested wheatg rass
and rabbitbrush plants grew together,
crested wheatgrass production inFALL 1984
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creased; the reverse was true when
crested wheatgrass grew with
sagebrush. He also learned that crested
wheatgrass remained green longer into
the fall and produced more regrowth
when growing with rabbitbrush .
Recently, Rumbaugh et al (1982)
reported that production and protein
yields increased two- to four-fold when
crested wheatgrass grew in association
with fourwing saltbush (Atriplex
canescens) rather than in monoculture.
Enhanced yields were due not only to
the nutritious forage provided by the
shrub, but to the increased forage and
protein yields of crested wheatgrass.
Other shrubs may have similar effects
on grass production, but research is
necessary to identify the species and
the mechanisms responsible for increased production.
Shrubs can effectively improve the
water holding capacity and nutrient
status of the soils beneath them
because of the associated accumulation
of dead plant materials and wind-blown
particles, but this may not occur until
the shrubs are fairly well established.
Therefore, shrubs may not be effective
in increasing productivity on crested
wheatgrass pastures during the years
immediately following interseeding when
economic returns are important. Understanding the mechanisms of grassshrub interactions will be necessary
for planning optimal management
during drought periods, on sites of
different fertility, and under different
levels of grazing.
The use of legumes in seeding
mixtures has received much attention in
areas when rainfall is not a limitation.
Legumes have been utilized infrequently
on western rangelands, however,
probably because of their generally poor
persistence (Heinrichs 1975). Clark and
Heinrichs (1957) presented data from
Canadian research showing that in the
400-500 mm precipitation zone, forage
production by crested wheatgrass and
alfalfa was double that of crested
wheatgrass alone. Creeping-root
cultivars now available offer promise of
overcoming the lack of persistence of
alfalfa on dry rangelands.
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Research

The aspect of the research project
described here is designed to evaluate
interactions among different plant
species growing in different combinations (Figure 3). Mixed-species plots
(8m x 8m with 289 plants per plot) have
been established in Logan, Utah,
utilizing crested wheatgrass (Agropyron
desertorum) , fourwing saltbush (Atriplex
canescens) , bitterbrush (Purshia
tridentata) , forage kochia (Kochia
prostrata), sagebrush (Artemisia
tridentata ssp. vaseyana), and alfalfa
(Medicago sativa cv. ladak). The
physical design consists of three
replications of 14 species combinations
(42 plots) that include the grass, shrub,
and forb species growing alone (six
plots per replication), the grass growing

Productivity of
crested wheatgrass ranges
may be increased
by interseeding

in combination with each shrub (four
plots per replication), and the grass,
forb and each shrub growing in mixture
(four plots per replication). These
combinations will allow us to compare
forage yields for species growing in
different combinations . Additionally,
some of the plant physiological factors
responsible for the effect of shrubs and
legumes on grass productivity and viceversa can be determined.
Soil fertility levels beneath and
between shrub, grass and legume
plants, as well as plant nutrient status,
are being monitored to document the
role of changing nutrient availability as a
mechanism causing increased (or
decreased) forage production. Particular
emphasis is being placed on fourwing
saltbush in this study because it accumulates much higher concentrations
of mineral nutrients than do other semiarid land shrubs (Fairchild and
Brotherson 1980). Plant water status,

water use, and rooting patterns are also
being examined.
Additionally, each of the 42 plots
were quartered, and early spring , late
spring and no (control) clipping treatments were applied. The clipping
treatments simulate livestock grazing
and will allow us to determine whether
forage yields and competitive
relationships vary in different mixtures
when " grazed " in different seasons .
Drought conditions are also being
simulated on additional plots with the
use of a "rain-out " shelter. The rain-out
shelter is a 1Om x 1Om electronically
controlled structure mounted on wheels.
During periods of precipitation, the
shelter is triggered automatically to roll
down a track and cover the plots. It
automatically rolls off the plots between
rain or snow storms so that drought and
control plots otherwise experience
similar environmental conditions.
WINTER GRAZING
Background
The winter season , or preparation for it,
accounts for much of the labor and
expense of Intermountain ranching. For
nearly a century, the standard method
of averting the risks of livestock losses
has been to raise hay in the summer
and feed it to livestock in the winter.
Providing such feed requires that a
rancher irrigate, cut, bale, and haul hay
during the summer, and feed hay during
the late fall and winter. This work
requires a large investment of the
rancher 's time and money for
machinery, parts, fuel, water, and labor.
By some estimates , expenses related to
haying and feeding account for over 50
percent of the marginal costs of most
Intermountain ranches (Simonds 1978).
Unfortunately, spiraling increases in
costs have not been matched by similar
increases in returns from the sale of
livestock. For example, in 1968 it cost a
Utah rancher with 300 breeding cows
$0.26 to produce a pound of calf gain,
while he received $0.24 per pound of
gain (Workman and Hooper 1971); in
1977 it cost the rancher $0.56 to
produce a pound of gain and he

received $0.37 per pound (Capps and
Workman 1982). Much of these
decreasing returns are a reflection of
increasing costs associated with winter
feeding .
Given the difficult economic situation
that contemporary ranches confront, it
seems reasonable to seek less expensive alternatives to haying and
feeding . One alternative is winter
grazing of livestock on rangeland. While
this is not really a new idea, the past
winter grazing practice has been mainly
to utilize the salt desert shrub ranges of
the Great Basin and Colorado Plateaus.
Winter use of the salt desert shrub
type is a proven practice that will
probably remain important locally. Its
potential to reduce rancher dependence
on winter feeding is not great, however,
because the amount of such land is
limited and its ability to produce
livestock forage is generally low. Additionally, most salt desert range is
already being fully used by the Bureau
of Land Management as winter grazing
allotments.
The obvious choice of lands to use for
an extension of winter grazing are the
sagebrush steppes and semideserts that
have been , or will be, seeded to crested
wheatgrass. Although these ranges are
usually a few degrees colder and have
more snow in the winter than salt desert
lands, animals can normally tolerate the
conditions if they have adequate food .
These lands offer several advantages
for winter grazing. They generally have
more favorable soil and water relations,
and therefore more potential for
producing forage . Additionally, they are
the most widespread ecosystems in the
area with nearly 45 million hectares of
sagebrush steppe and 18 million hectares of sagebrush semidesert in the
North American temperate region .
Traditionally, these ranges have been
used primarily during spring (Figure 2).
The common wisdom is that once
mature (Figure 4), crested wheatgrass is
unpalatable and low in nutritional value.
Although the protein and mineral
contents of the plant are low at
maturity, it does contain energy-rich
compounds. An adequate source of

protein is necessary, however, to allow
ruminants to extract (digest) energy
from mature grass.
Protein concentrates such as cottonseed or soybean meal are expensive,
however, and can be hard to dispense
to animals on rangeland during winter.
Therefore, considerable advantage
exists in having the necessary protein
available in the form of a range forage .
If fall precipitation is sufficient , crested
wheatgrass produces green leaves that
are high in protein. Fall regrowth, if
plentiful , may provide adequate protein
for ruminant digestion during fall and
winter, and shrubs may be needed as a
protein source only when green leaves
of wheatgrass are in short supply due to
a lack of fall precipitation or snow
cover.

A shrub-grass mix
may offer livestock
a more balanced ration
than wheatgrass alone

A shrub-grass range has potential
advantages over a crested wheatgrass
range in meeting the protein
requirements of livestock during fall and
winter. As a generalization, mature
grasses are high in energy and low in
protein during winter while shrubs are
high in protein and low in energy (Cook
1972). Therefore, a shrub-grass mix may
offer a more balanced livestock ration
than would grass alone , even if fall
regrowth were available. Shrubs also
remain available as an emergency
forage source during periods of snow
accumulation. The timing of shrub use
by livestock would be critical to the
successful use of shrubs as a supplemental source of protein. Ideally, the
shrubs would be consumed with grass,
rather than after the grass was utilized.
Previous grazing experience by
livestock on shrub- vs. grass-dominated
ranges would probably influence their

propensity to consume shrubs on a
mixed-species range, and cattle might
consume less browse than sheep.
Besides influencing which plants
animals consume, previous experience
might also influence the efficiency of
consumption (intake per unit time). Even
under conditions of two-species plant
communities with relatively constant
forage quality, prior experiene by the
grazer is apparently important in
determining the rate of intake, and
consequently the level of animal
production (Arnold 1970). Arnold 's study
indicated that intakes by sheep without
prior experience grazing pastures
(reared on hay) were depressed as
much as 50 percent in comparison to
those of experienced sheep, and the
differences persisted for as long as 10
months. Little information has been
published about any season, however,
relative to the effect of prior grazing
experience on diet selection and intake
of domestic livestock on shrub-grass
pastures.
Research

The nutrition of sheep grazing crested
wheatgrass-shrub vs. crested
wheatgrass monoculture pastures was
evaluated during December of 1982 and
January of 1983 on pastures south of
Nephi, Utah (Figure 5). The physical
design of the experiment consisted of
two replications of approximately two
hectares each. Within each replication
there was a shrub-crested wheatgrass
and a crested wheatgrass monoculture
pasture. Sheep were placed on similar
adaptation pastures in mid-December,
and the experiment began in January.
Sixteen animals were introduced into
each pasture at that time. Diet composition (botanical) and quality (crude,
protein, in vitro organic matter
digestibility and lignin) were compared
through the use of esophageally
fistulated ewes. Organic matter intake
was determined from total fecal
collections. Samples were collected in
early-, mid- and late-January (i.e. experimental periods 1, 2, and 3,
respectively).
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The weather throughout the experiment was characterized by cold
temperatures and heavy snowfall (Figure
6). With the exception of the partial
thaws that occurred in mid-December
and mid-January, snow levels were at or
above 20 cm.
Sheep in the grass monoculture
pastures consumed diets that were
approximately 50 percent green
regrowth and 50 percent mature grass
during the first two sample periods
(early and mid January). During sample
period 3 (late January), their diets
averaged 93 percent mature grass
primarily because of the low availability
of regrowth caused by prior utilization
and snow accumulation.
Animals in the shrub-grass pastures
consumed diets that were approximately
50 percent shrub and 50 grass
throughout the experiment. All shrubs on
the study area (sagebrush, Artemisia
tridentata ssp. vaseyana ; bitterbush ;
fourwing saltbush ; winterfat, Ceratoides
lanata ; forage kochia; rabbitbrush ,
Chyrsothamnus nauseosus var.
albicaulis), with the exception of rabbitbrush, were used consistently
throughout the experiment.
The chemical composition of the diets
reflected what occurred botanically.
Throughout the trial . animals on the
shrub-grass pastures consumed diets
that were at least 7.5 percent crude
protein (diet samples averaged by
pasture for each trial ranged from 7.59.0 percent). Their diets were at or
above the 6-8 percent level that
ruminants require. Animals in the grass
monoculture pastures consumed diets
that were below 6.5 percent crude
protein (diet samples averaged by
pasture for each trial ranged from 4.56.5 percent) throughout the trial.
The digestible organic matter content
of the shrub-grass diets was comparable
to that of the grass monoculture diets
(above 47 percent) at moderate
utilization levels (period 1), but lower at
higher levels of use (periods 2 and 3).
The lignin contents (about 13 percent) of
the shrub-grass diets were also comparable to those of the grass
monoculture diets at moderate levels of
utilization but higher at increased levels
of utilization. High lignin levels. caused
by animals eating the woodier portions
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of the shrubs as utilization increased,
probably caused the digestibilities of the
shrub-grass diets to decline later in the
trial.
Organic matter intake, which is a
function of forage availability as well as
the chemical characteristics of the diet.
was higher for sheep in the shrub-grass
pastures. During period 1, when shrub
availability and nutritional quality were
high, animals in the shrub-grass
pastures consumed about 250 g more
per day than animals in the grass
monoculture pastures. During period 3,
shrub availability was high but
nutritional quality was lower, and
animals in the shrub-grass pastures
consumed about 100 g more per day
than animals in the grass monoculture
pastures. Intake was comparable during
period 2.
Based on our preliminary findings .
shrubs appear to complement crested
wheatgrass in a winter grazing situation
for three reasons :
1. They permit animals to maintain
adequate levels of crude protein in their
diets.
2. They are available during periods of
snow accumUlation allowing animals to
maintain adequate intake levels.
3. The quantity of shrub growth lost to
trampling and snow compaction is low
relative to that of crested wheatgrass.
Approximately 60 percent of the
mature crested wheatgrass became
unavailable for grazing due to trampling
and snow compaction during this experiment.
In our future research we will use
cattle to try to determine the factors
that influence their use of shrubs and
the nutritional value of shrubs to them
during winter. The role of prior foraging
experience during early life on which
plants the cattle select and how efficiently (intake per unit time) they
harvest forage will be investigated.
SPRING GRAZING
Background
Many Utah ranch operations involve
feeding hay to livestock during the
winter. either feeding hay or obtaining
pasture during the spring. moving
livestock to federally administered
rangeland in the summer. and moving

animals to previously harvested
cropland in the fall . During late fall .
winter. and early spring, the quantity
and quality of pasture forage is low, and
most ranches resort to feeding hay.
In this scheme, crested wheatgrass
has traditionally served as spring forage
for livestock. This grass begins growth
early in the spring, while many native
plants are dormant. It thus provides
nutritious forage for livestock during
their lactations, and decreases feed
costs. Therefore. ranchers and land
management agencies cannot afford to
rest an area from grazing for the 3-5
years that may be required for shrub
establishment. An alternative is proper
grazing management that prevents
shrubs from being overutilized during
their critical establishment period.
In the spring. livestock generally
prefer to graze new growth of crested
wheatgrass over shrubs and this could
conceivably benefit shrub establishment.
For example. Smith and Doell (1968)
showed that twig production by bitterbush increased 50 percent when
herbaceous vegetation growing around
the shrubs was clipped. Cattle might be
better suited to spring grazing during
shrub establishment than sheep
because of their general preference for
grass (Van Dyne et al. 1980). The timing
and intensity of grazing as well as the
species of livestock dOing the grazing
would be critical , and research is
needed to determine the effects of
spring grazing on shrub establishment
and growth.
Research

The objective of this aspect of the
research project is to determine
whether cattle or sheep grazing has
beneficial or detrimental effects on
shrub and forb establishment in a
crested wheatgrass monoculture (Figure
6). Since the timing of cattle or sheep
grazing may be critical for enhancing
shrub establishment, two times
(vegetative vs . early reproductive) of
grazing will also be investigated.
Fourteen hectares of crested
wheatgrass south of Tintic, Utah, were
interseeded during November of 1983
with a mix of shrubs (fourwing saltbush,
forage kochia, winterfat, bitterbrush, and
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sagebrush) and forbs (alfalfa and small
burnet , Sangu isorba minor) . The physical
design of the study consists of four
replicat ions of three treatments (cattle
vs. sheep vs. no grazing during spring).
With in each pasture, each plant species
was planted alone and in a mixture with
all other species. Add itionally, each
grazed pasture was divided to allow us
to evaluate the effects on shrub and
forb establ ishment of grazing crested
wheatgrass at two developmental stages
(vegetative vs. early reproductive).
Conclusion

While the costs associated with ranch·
ing have steadily increased, the

monetary benefits have rema ined
essentially the same. Interseeding
crested wheatgrass ranges with
palatable shrubs and forbs will not
eliminate this problem , but it may help.
Through research we can define the
biological costs and benefits associated
with interseeding crested wheatgrass
rangelands. Once that is accomplished,
economists can better define the
monetary costs and benefits. If the
productivity of crested wheatgrass
ranges can be increased by interseeding
and if the efficiency of utilization of
these areas can be increased through
winter grazing, ranches may be able to
produce more meat per unit of land at
less cost.
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Seed certification was established
in the early 1900s to help prevent adulteration
of new varieties of grains and forages.
In all of these cases, planting certified
seed would have prevented such
problems with insignificant addition to
costs of producing the crop. Seed that
bears an official certification tag is high
quality seed with superior production
potential as ensured by the following
characteristics:
High varietal purity
High germinating ability
Known seed origin
Free of noxious weed seeds
Minimum amount of other crop seed,
weed seed, and inert matter
6. Strict tolerance as to presence of
certain seed-borne diseases.
1.
2.
3.
4.
5.

The certification process is accomplished by accurate record keeping
and a series of inspections conducted in
the field, seed testing laboratory,
conditioning plant, and during the
tagging of the seed. Four classes of
seed are recognized by seed certification agencies:
1. Breeder Seed (White Tag) is very
limited in amount and is directly
produced or controlled by the originating
plant breeder or institution (public or
private). The seed is normally not
available in commercial channels.
2. Foundation Class Seed (White Tag) is
multiplied from Breeder seed (or from
selected lots of Foundation seed) under
the supervision of a certification agency.
It is available from state Foundation
seed organizations or from the company
controlling the variety if it is privately
owned.
3 . Registered Class Seed (Purple Tag) is
the progeny of foundation seed.
Registered seed is available in regular
market channels, and is normally
required to produce Certified class
seed.
4 . Certified Class Seed (Blue Tag) is the
most commonly encountered certified
seed and is the large-volume class sold
to farmers for producing a commercial
crop of the variety.
Origin of Seed Certification
What is the origin of seed certification?
In the late 1880s, state agricultural
experiment stations became active in
developing and releaSing better varieties
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of grains and forages. The plant
breeders gave seed of these new
varieties directly to farmers to plant and
increase, or sometimes they were given
to congressmen to distribute to farmers
in their districts (and we all know the
problems of mixing politics and farming) .
Many varieties were adulterated or lost
in the shuffle.
Agronomists at several experiment
stations recognized the problem and
started informally inspecting farmers'
seed-increase fields to help them
maintain varietal purity. In Wisconsin,
such inspection was made an official
part of the experiment station program
in 1913. Montana followed suit in 1915,
as did several other states in the next
few years. In 1919, a conference was
held in Minnesota to discuss uniformity
of inspection procedures and standards .
This led to the organization of the International Crop Improvement Association (ICIA) and formal establishment of
the seed certification program.
Many states formed state crop improvement associations under the
sponsorship of the ICIA. In Utah, seed
certification was accomplished directly
by State Board of Agriculture personnel
until 1937 when the Utah Crop Improvement Association (UClA) was
organized and carried out certification
under state supervision .
In 1939, seed certification in the U.S.
became an official part of the Federal
Seed Act. The first set of minimum
standards was published by the I nternational Crop Improvement
Association in 1945; member states had
to have certification standards at least
as stringent as the international
organization . In 1969, ICIA was changed
to AOSCA (Association of Official Seed
Certification Agencies) to better
describe the certification agencies in
the various states and in Canada,
several of which conduct seed certification through an agency other than
a crop improvement association.
In 1945, the Utah State Board of
Agriculture gave the Agricultural Experiment Station at Utah State
University the responsibility for certification., The Experiment Station
continued to utilize the Utah Crop Improvement Association as the official

certification agency, but designated a
seed certification specialist to work with
the certification program and serve as
Secretary-Manager of the UClA.
Currently, this position is held by
Stanford A. Young, who also holds an
academic position in the Plant Science
Department at USU.
Other key personnel involved in the
administration of the seed certification
program are Diane Perkes, office
secretary, and two field supervisors,
Roland Murdock (Millard County, also a
part-time district agricultural inspector),
and Max Anderson (Box Elder County).
State district agricultural inspectors also
help in inspecting fields and equipment,
tagging seed, and grading potatoes.
County agents serve as informational
sources for the program and encourage
the use of certified seed. The Utah State
Seed Laboratory, located in Salt Lake
City under the direction of Richard
Wilson, does the testing to ensure seed
meets certification standards .
The production of high quality seed in
Utah is, of course, founded on the
abilities of dedicated farmers who
recognize their role in maintaining the
genetic purity of improved varieties
developed only through tremendous
effort by public and private plant
scientists. The UClA, a non-profit
corporation, organizes these growers
into seven districts, with a director
being elected to the Board from each
district. Also included as ex-officio
members of the Board are representatives from the Utah Agricultural Experiment Station, USU Extension Service, and Utah State Department of
Agriculture. A president, vice president
and executive committee are chosen by
the Board. The current members of the
Executive Committee are Lonnie Hales,
Hinckley, President; Cletus Hamilton,
Herriman, Vice President; and Charles
Inouye, Gunnison, Director.
Seed certification in Utah is conducted according to the "Seed Certification Requirements and Standards "
published by the UClA. Anyone may
apply to grow certified seed, and certification procedures don't require much
extra effort for a good farmer. Growing
certified seed involves filing an application, payment of fees, and con-

forming to requirements pertaining to
land, isolation, seed source, weeds,
disease, etc. Much of the certified seed
produced in Utah is grown by prior
arrangement with a seed dealer or
conditioner. Such conditioners must
meet certain requ irements as to proper
conditioning equ ipment and ability to
maintain seed lot identity and purity and
must have a current " Authorization to
Clean Certified Seed " certificate . These
conditioners are of basic importance in
the production of certified seed, and
those currently holding certificates have
done an excellent job in conditioning
seed and supporting the certification
program: Beehive Seeds, Inc., Delta; Big
" J" Enterprises , Delta; Intermountain
Farmers Assn ., Delta; Oasis Seed Cooperative, Oasis; Roger Stewart & Sons,
Ephraim; Western Seeds, Inc.,
Tremonton; and Wheatland Seed,
Brigham City.
A summary of the steps that a seed
grower would follow in producing a
certified seed crop are as follows :
1. Contact the Utah Crop Improvement Association for an application and current information
about certification . Applications to
grow cereals, alfalfa, grasses, and
onions are due May 15, except
applications for fall seedings, which
must be filed directly after planting .
Applications for potatoes and mint
are due June 15.
2. Obtain Foundation or Registered
class seed of a variety eligible for
certification. Save the tags or bulk
sale certificate to establish proof of
seed origin and class.
3. Select clean , weed-free ground. A
pre-plant inspection by a UClA
representative is required before
planting any perennial crop. Check
certification regulations to see if the
field meets all of the requirements
such as isolation from other varieties,
and crop history of the land for
previous years .
4. Clean the drill and other planting
equipment, and request an equipment
inspection before planting .
5. Follow good cultural practices in
order to maximize yield, quality, and
maintenance of genetic purity.

6. Rogue the field , removing
diseased plants , other crops or
varieties, and weeds.
7. Request a field inspection by a
representative of the UClA before
harvesting.
8. Clean the combine, bulk trucks
and storage to remove crop and
weed seeds before harvesting certified fields . An inspection of the
harvesting equipment is required.
9. Have the seed cleaned only in
approved seed condition plants, or
on-the-farm facilities approved by the
UClA.
10. Store certified seed in clean bins
or in new sacks or bags.
11 . After the seed is cleaned , a
representative of the UClA will draw
a sample for analysis at the State
Seed Lab.
12. To complete the certification
process, bags must be tagged and/or
sealed or a bulk certificate issued
under the supervision of the UClA.

Seed pods on alfalfa.

Grimm accounted for the most acreage
in 1945, while Ranger had the most
acreage in the 1950s and 1960s.
Presently, Deseret heads the list of
certified varieties .
Problems growers have to deal with in
raising alfalfa seed are the various
insect pests such as weevil and Iygus
bug , maintaining adequate pollinators,
controlling weeds such as dodder and
morning glory, and danger of early frost
or fall rains. There seems to be a
renewed interest in alfalfa seed
production, especially in dry land areas
where a hay or seed option would be a
viable alternative to wheat production .

Certified Seed Crops in Utah

What seed crops are being certified in
Utah? In 1945, crops included alfalfa,
clover, onion seed, potatoes , wheat ,
oats, and barley. In 1983, crops included alfalfa, onion seed, potatoes ,
wheat, barley, grass seed, and various
forbs and shrubs .
Following is a summary of the status
of each seed crop that has been grown
since 1945:
ALFALFA: Over the years, alfalfa can
be considered the major seed crop
produced in Utah. Millard County has
been the major seed producing area,
with the Uintah Basin and Box Elder and
Cache counties also having substantial
acreage at times . Certified acreage
reached a peak of 16,056 in 1955, but
has decreased to an average of 1,807
acres over the last five years . Reasons
for the decline includes (1) the increase
in the number of proprietary varieties,
many of which are raised on large
acreages in California and the Northwest , (2) reduction in native pollinators
such as alkali bees, necessitating investment in leaf cutter bees, and (3)
higher cured hay prices and relatively
lower alfalfa seed prices. The variety

Wild oats in barley

BARLEY: Seed barley grown for certification has increased over the years
from 225 acres in 1945 to an average of
2,166 (mostly in Box Elder and Millard
counties) over the last five years.
Varieties such as Velvon , Winter Club,
and Trebi have given way to Steptoe,
Bracken, Schuyler, and some
proprietary varieties . Gem was the most
popular variety during the 1960s until
Steptoe took over.
Loose smut has been the biggest
disease problem in barley seed
production, but it is presently being
controlled to a large extent through
more resistant varieties and seed
treatment . Wild oats is by far the most
serious weed problem and causes many
acres to be rejected for certification
each year.
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GRASS: Several varieties of wheatgrass
seed were produced beginning in 1954
until 1963, with an average of about 100
acres applied for certification. Interest
in grass seed has been revived by the
release of several varieties by the Soil
Conservation Service Plant Materials
Centers for special use in range and
conservation reseeding. The USDA
Crops Research Laboratory at USU and
the Great Basin Experiment Station at
Ephraim have been primarily responsible
for the development of several of the
new grasses, and other exciting new
varieties are in the release process.
Varieties having high seed value such
as Magnar basin wildrye, Nezpar Indian
rice grass, Paiute orchardgrass, and
Ephraim crested wheatgrass amounted
to 120 total acres entered for certification in 1983.

ONIONS: The Utah strain of Yellow
Sweet Spanish onion is the basis for
certified onion seed production in Utah.
Over 87 acres were grown in 1945, but
this has decreased to an average of
about four acres over the last five
years. Though seed acreage is small ,
the high value production provides seed
for many of Utah's commercial onion
growers.

WHEAT: Acreage grown for certified
seed has fluctuated over the years,
often increasing as a new variety was
released and then diminishing as the
seed became widely distributed and
farmers (especially on dry land) planted
back their own seed . One hundred and
fifty-two acres in 1954 was the least
while 1,757 acres in 1974 was the most
planted in a given year. Average
acreage in the last five years has been
861, located mostly in Box Elder County.
Most popular varieties certified over the
years have been Cache , Lemhi ,
Nugaines, Hansel , Fremont, and
Manning, though many other varieties of
hard red, soft white, and durum wheats
(both Winter and Spring) have been
grown. A new hard red winter semidwarf
wheat named Ute, released in 1983
from Utah, promises to be a popular
variety.

Onion seed heads.

Harvesting bluebunch wheatgrass.

MINT: Mint certification has a
somewhat different purpose than other
crops, in that only a small portion of the
certified acreage is eligible for rhizome
reproduction . The oil production acreage
is kept under the certification program
as an aid in enforcing the state
quarantine against mint Verticullium
wilt, which has not yet been found in
Utah. Mint came under the program in
1969 with 9.5 acres, and would have to
still be considered a " trial " crop with an
average of only 168 acres over the last
five years.
OATS: Oat seed yields have not been
high enough in Utah to attract many
certified growers. The most acreage,
230, was in 1957, though in many years
(including the last five) there have been
none.
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POTATOES: Tuber production for seed
averaged about 1,000 acres up until
1958, when a severe epidemic of curly
top virus (transmitted by sugar beet
leafhoppers) caused severe losses to
growers. Acreage never really
recovered , and though in 1977, 1,084
acres were entered for certification , the
average has been 300-400 acres . Potato
seed production is limited to the higher,
more isolated areas of the state where
insects that transmit diseases are not
so numerous. Iron, Beaver, San Pete,
and Wayne counties and the Uintah
Basin are presently the major seed
producing areas . Popular varieties have
been Russet Burbank, Kennebec, White
Rose, and Red LaSoda. Much of the
seed is shipped to the Bakersfield area
of Californ ia.
Though potentially very profitable,
potatoes are subject to many diseases
caused by bacteria, fungi , and viruses.
Blackleg, ringrot, leaf roll, mosaic, and
Verticullium wilt have been cause for
rejection of entire fields for seed,
though the potatoes still may be used
for commercial purposes. Disease-free
plant lets produced by tissue culture
have the potential of greatly reducing
disease incidence. The UClA will soon
be certifying such plantlets produced by
a private firm in Salt Lake City.

Goatgrass, bindweed contaminating wheat.

BEANS: Experience with growing beans
for seed has been very limited, with only
15 acres in 1945 and 380 acres (Uintah
Basin) in 1982 entered for certification .
Unfortunately, the unusually wet fall of
1982 spelled disaster during harvest
with heavy losses due to immaturity and
staining . Bean seed probably has a good
potential in parts of Utah and hopefully
the crop will be tried again .
CORN : Production of corn seed has
been attempted in Utah only twice since
1945, and then only on extremely limited
acreage. Proprietary companies produce
almost all of the hybrid seed corn
marketed in the U.S. and have located
in larger agricultural states.

CLOVER: The highest acreage of clover
(red, ladino, etc.), 850 acres , occurred
in 1946. This acreage diminished and no
clover seed has been certified in Utah
since 1966.
FORBS AND SHRUBS: Varieties of fourwing saltbush , Rocky Mountain penstemon, small burnet, Lewis flax, cicer
milkvetch, etc. , have been selected out
of native populations and released
through the Soil Conservation Service
Plant Materials Centers. These plants
are very valuable in range rehabilitation
and wildlife forage , and their potential is
just now being realized. Some of the
varieties were developed through the
efforts of the Great Basin Experiment
Station in Ephraim and the Intermountain Forest and Range Experiment
Station in Provo. About 25 acres of
various forbs and four acres of saltbush
are presently entered for certification.
The most serious problem facing
wheat growers in general (though snow
mold may strike in any year) is jointed
goat grass, a close relative of wheat,
that is becoming widespread in the
state. Its cylindrical seed cannot be
cleaned out of wheat and is cause for
dockage at the elevator. It may be that
this weed will force farmers to look
more critically at their seed source and
increase the demand for certified seed.
As can be seen from the five year
summary report (Table 1), not all of the
acres entered for certification produce
certified seed. Some fields are rejected,
and depending on grain, hay, and seed
markets, some are otherwise not harvested for certified seed. Also, the crop
production " shrinks" as it is conditioned

Bumblebee pollinating cicer milkvetch.

for use as seed with undersize and
cracked seed, weed seed, and inert
matter being removed. This amounts to
5-10 percent for grains and 25-40
percent for alfalfa; potatoes are sorted
with the smaller sizes being used for
seed while the larger sizes move to
commercial markets. Th is means that
although individual fields have very good
crop yields, the amount of seed actually
completing certification in a given year
(tags or bulk certificates issued) is much
less than the total acres entered for
certification would signify. Also, seed
passing field inspection in Utah may
move into another state for conditioning
and tagging , and conversely Utah may
condition and tag seed grown in another
state. The total seed crop for which
certification was actually completed
(tags or bulk certificates issued)
averaged over the last three years is
listed in Table 2. Value of this seed
amounted to over 1.5 mi ll ion dollars per
year to growers and conditioners. And,
of course, the value to farmers who buy
the high quality seed is incalculable.
As part of the certification program ,
the Utah Crop Improvement Association
allocates and distributes Foundation
class seed produced by the Utah
Agricultural Experiment Station and
Foundation seed organizations in other
states to selected seed growers for
further increase in the certification
program . In addition , the UClA
cooperates with growers and seed
conditioners in producing , storing, and
distributing Foundation class seed
(Foundation to Foundation production) of
most of the grain varieties commonly
grown for certificat ion in Utah. Foundation seed of native plant species
provided through the Soil Conservation
Service Plant Materials Center is also
distributed to growers for increase
through the certification program.
Foundation seed stock distributed
(including out of state requests) for 1983
included 500 Ibs of alfalfa, 38,550 Ibs of
barley, 48 Ibs of forbs , 548 Ibs of
grasses, 660 rooted cuttings of shrubs,
and 35,225 Ibs of wheat.
In summary, the seed certification
program in Utah assures that the public
can obtain high quality seeds or other
propagating materials of the most
desirable varieties. Such propagating

TABLE 1. Five year average (1979·1983) of
seed certification statistics In
Utah.

Total applications
Diffe rent crops
Different variet ies
Counties
Growers
Acres entered for certification
Acres passed
Acres rejected
Acres not harvested for seed
Acres not planted or plowed up

123
8
41
13
62
5,414
4,235
438
622
119

TABLE 2. Total seed crop for which certlfl·
cation was completed (tags or
bulk certificates Issued), average
of years 1980·1982.
Crops

Alfa lfa
Barley
Grass
Oats (Interagency)·
Onions
Potatoes
Wheat

Pounds of Seed

77,190
6,202,940
3,810
73,650
460
2.762,510
2.571 ,080

• Seed grown in another state and conditioned and tagged in
Utah.

materials are true to name, genetically
pure, free from proh ibited noxious
weeds , and have strict tolerances for
seed-borne pathogens , other varieties,
and crops. Farming today is more than
ever a competitive business where
inputs in growing the crop must be
carefu lly ca lculated to produce an
adequate return on investment. The cost
of certified over non-certified seed is
almost ins ignificant compared with the
potential direct returns in higher yields
of genetically pure crops, as well as the
indirect benefits of not introducing weed
and disease problems to the farm . Thus
the seed certification program is an
increasingly valuable tool in modern
crop product ion in Utah.
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I

ncreased interest in greenhouses
seems to stem from people who want
to grow fresh vegetables and flowers . In
addition to the freshness , there is the
satisfaction of watching the plants grow.
There is also a sizeable commercial
greenhouse industry in which many
growers specialize in growing roses,
chrysanthemums, foliage plants, bedding plants, and vegetables such as
tomatoes, cucumbers and lettuce. An
increasing problem, however, is the high
cost of fuel for heating in the winter and
electricity to cool the greenhouses with
fans in the summer.
In addition to having a proper temperature for plant growth, the plants
also need adequate light. Artificial light
is uneconomical except possibly for
growing small seedlings, thus one
cannot insulate a greenhouse as is done
with homes. Only a "thin skin" of glass,
fiberglass , or polyethylene is between
the cold outside temperature in the
winter and the plants growing at 70 0 in
the greenhouse.
Two layers of polyethylene with a
four-inch airspace between the layers is
presently the most economical cover
that is used commercially. This,
however, results in reduced light and
the polyethylene needs to be replaced
every year or two. Some growers also
insulate the north ends of their
greenhouse to conserve fuel.
Researchers have been experimenting with many ways to reduce
heat loss in greenhouses. Thermal
curtains or heat blankets drawn across
the greenhouse at night are now
receiving wide acceptance. Study has
been given to pumping styrofoam pellets
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or foam between the two layers of
polyethylene to provide insulation at
night, and then storing them during the
day.
Utah has good potential for
greenhouse development due to its high
percentage of sunny days, which is
important for winter plant growth as well
as being a daytime heat source.
Research has been conducted at Utah
State University to develop methods of
increasing energy efficiency of
greenhouses. Several different methods
of energy conservation and alternate
energy sources have been tested.
Three quonset-shaped greenhouses
were used in this study. Each
greenhouse was covered with a double
layer of polyethylene and had an insulated north wall.

Hillside Greenhouse

By far, the greatest source of energy
available to man is the sun . It has long
been realized that additional warmth
from the sun can be obtained from a
reduced angle of incidence, where the
surface of the greenhouse becomes
more perpendicular to the sun 's rays.
To take advantage of this increased
radiation , a greenhouse was placed on a
southern exposure having a 21 0 slope
(Figure 1). Before construction was
begun, five terraces were cut into the
hillside. The greenhouse was then
placed perpendicular across the
terraces with the end walls maintained
in a vertical position. This resulted in
three terraces within each greenhouse
on which to work.

Two benches were placed on each
terrace with a walkway between. The
benches directly above the vertical edge
of the terrace were extended one foot
over the bench below, increasing the
total available bench space without
causing shading (Figure 2).
An identical greenhouse was also
placed on the level as a control with
which the hillside greenhouse could be
compared . The effect of reducing the
angle of incidence could be compared.
The effect of reducing the angle of
incidence on the energy requirement of
the greenhouse was tested from
February 1 to February 26, 1982. A
reduction in fuel consumption of 23
percent was realized.
The level of light entering the hillside
greenhouse was also compared with the
control greenhouse. An increase in light
of 26 percent was realized with clear
skies. This increased light entering the
hillside greenhouse was found to be
beneficial for sun-loving plants such as
lupines.
With Utah 's normally high amount of
sunshine during the winter, reducing the
angle of incidence is an effective
method of reducing fuel dependence in
greenhouses. The cost of modification
for the hillside greenhouse, including
excavation and materials, was $0.50 per
square foot.
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When sunshine is available,
greenhouses are inherently good solar
collectors. On the other hand, they can
have a high thermal loss at night when
over 75 percent of supplementary

:>
4(

~

m
f/)
o

b
J:
Q.

FIGURE 1

FIGURE 3

FIGURE 4

The two hillside greenhouses were constructed on a south-facing slope of about
21·, directly above the solar salt ponds.

Polyurethane Insulated louvers were open
during the day and closed at night
resulting In a 46% reduction in fuel
consumption.

The monofilament fiberglass Insulation
material was placed between the two
layers of polyethylene greenhouse
covering to retain heat during winter.

FIGURE 2

Benches In the hillside greenhouses were
constructed on terraces with the storage
tanks underneath.

A. The hillside greenhouses were built on

FIGURE 5

three main terraces with a stairway on side.
B. Heating evaluations were conducted
during some of the coldest periods of winter.

The ends of the hillside greenhouses were
opened one half In evaluating chimney
effect on cooling.

heating is required. It is desirable,
therefore, to increase the insulative
capabilities of the greenhouse during
the night. Study was given to a louvered
insulative system which could be closed
to reduce heat loss at night, and be
opened to allow light penetration during
the day.
The panels were constructed of a 2inch thick (R22) polyurethane foam and
covered with a reflective aluminumbacked paper. Each panel was attached
to pipe suspended from the roof of the
greenhouse (Figure 3). All louvers on
each side of the greenhouse were
connected so that they could be
simultaneously opened and closed with
one handle.
The side walls were permanently
insulated with the same material to a
height of three feet , while fitted panels,
which could be removed during the day,
were used on the south wall.
The insulating quality produced by
closing the louvers at night were tested
from February 1 to February 26, 1982,
and resulted in a 46 percent reduction
in fuel consumption . If the louver system
were constructed with tighter fitting
panels to reduce heat loss, a substantially larger reduction in fuel consumption could be realized .
The effect of the louvers, even in the
open pOSition , reduced the amount of
light entering the greenhouse by 22
percent when compared to the control
greenhouse. This caused considerable
legginess in sun-loving plants like
lupines which were taller and more
spindly than those grown in the control
greenhouse. There was very little observable difference in Gallardia and
Artemesia . Bedding plants grown later in
the spring showed slight legginess.
With the cost of installing the louvers
near $1 .53 per square foot, a tight-fitting
system needs to be designed to make
louvers a cost-effective system.
Thermal Storage with Water

Thermal mass is often used in a passive
solar heating system. Solar energy in
the form of heat is collected and stored
during the day and released to the
environment at night. Water is usually
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the storage medium because of its
relatively low cost and small space
requirement.
Open tanks were constructed in the
six benches of the hillside greenhouse
for use as thermal storage. On sunny
days the water absorbs heat from the
warmer greenhouse and direct solar
radiation. This heat is given off to the
cooler greenhouse at night, supplying a
portion of the heat requirement.
The effect of water in open tanks on
fuel consumption was first monitored
from December 21 , 1983, to January 13,
1984, during which time the cloud cover
was nearly continuous. With minimal
solar radiation to warm the greenhouse
and water during the day, there was
little stored heat to be released at night.
As would be expected, there was only a
small reduction in fuel consumption .
A second test was conducted from
April 1 to April 16, 1984. During this
period the weather conditions included
the normal periods of sun and cloud
cover expected in the spring. The
thermal storage supplied by the water
was effective in reducing fuel consumption by 24 percent. Even with the
presence of water in open tanks, the
relative humidity in the greenhouse
remained near 60 percent.
Although the effectiveness of this
method varies with the weather conditions, the advantages of using open
tanks of water in the benches for
thermal storage include the low cost of
construction, the use of otherwise nonproductive space in the greenhouse,
and the location of the heat source
directly below the plants.
Insulating Blankets

By necessity, greenhouses must allow
the penetration of adequate light to
meet the requirements of the plants
being grown. Maximum penetration of
light is usually desired during the winter
months at the time when insulating
material is most needed to reduce fuel
consumption.
A loose-spun monofilament fiberglass
material (Figure 4) known as Sunstrand
was developed by Strand Form, Inc.,
Midvale, Utah . It is produced in rolls six

feet wide and has a loft of two inches.
This material was placed between the
double layers of inflated polyethylene
covering the greenhouse. Tests were
conducted to determine its effect on
fuel consumption, light intensity in the
greenhouse, and plant growth.
This material was found to be an
effective method of insulating and
reduced fuel consumption by 30 percent
from March 19 to March 24, 1983. It,
however, also reduced the light entering
the greenhouse by an average of 33
percent. This reduction in light had a
varied effect on plant growth. Plants
such as tomatoes and cucumbers
showed a significant reduction in
growth, while the growth of foliar plants
like Swedish Ivy and geraniums was
similar to the control plants. Bedding
plants grown later in the spring were
only Slightly less desirable.
A modified version of the insulating
blanket, having less density, was also
tested. It was hoped that this modified
material would have similar insulating
quality while allowing increased light
penetration.
Using the modified version, a
reduction in fuel consumption of 22
percent was realized from February 5 to
March 2, 1984. Measurements of the
light entering the greenhouse revealed
an average decrease of 26 percent. This
decrease in light entering the
greenhouse reduced plant growth of
tomatoes but not snap beans.
It appears that the density of the
material has a direct correlation to its
insulating ability. This may prevent any
large advantage hoped for in the use of
less dense material to increase light
penetration while maintaining equal
insulating quality. These insulating
blankets, however, can be used effectively in the production of foliage
plants, or perhaps bedding plants in the
spring when achieving maximum light
penetration is not as critical as during
the winter months.
Heating with Warm Brine

The Mechanical Engineering Department
and Utah Water Research Laboratory
developed and maintained two salt

gradient solar ponds at the site of this
study (Figure 1). A jOint project with the
Plant Science Department involved the
use of warm brine from the solar ponds
as an alternative source of energy for
heating a greenhouse.
Warm brine was pumped from the heat
storage zone of the pond to the
greenhouse, where it was circulated
through copper tubing looped through
three open tanks of fresh water before
returning to the pond . The open tanks
functioned as a heat exchanger to
transfer the heat from the warm brine to
the greenhouse. Because of the
corrosive nature of salt brine the use of
an expensive heat exchanger, which
would become damaged after a short
period of time, would be undesirable.
The warm brine circulating through
the greenhouse at night was effective in
supplying 44 percent of the heat
required from November 24 to
November 29, 1982. An excessively high
humidity due to the open tanks of warm
water was not found to be a problem , as
the average relative humidity of the
greenhouse remained near 65 percent.
The work done in this study is considered preliminary because the
operation was not fully developed. With
further development and modification
the efficiency of the system can be
improved dramatically. The use of warm
brine from solar ponds holds great
promise for the state of Utah. The Great
Salt Lake is a potential source of raw
materials necessary for the production
of food and other commodities during
the winter.

hillside greenhouse. A second hillside
greenhouse, with the addition of open
tanks of water in the benches for
evaporative cooling , was also tested.
These two hillside greenhouses were
compared to a control greenhouse on
the level at several different opening
sizes.
When the ends of the greenhouses
were one half open (Figure 5), the
chimney effect maintained the average
hillside greenhouse temperature within
11°F of the average outside air temperature. When the evaporative cooling
of water in open tanks was added, the
average greenhouse temperature was
only 6°F warmer than the average
ambient temperature of 74°F. Thus , the
water in open tanks reduced the difference between the average
greenhouse temperature and outside
temperature by 45 percent. The combined effect of chimney cooling and
evaporation of water in open tanks was
successful in bringing the greenhouse
temperature within the range expected
for fan cooling, with no energy cost.
Conclusion

There doesn 't appear to be one single
method of energy conservation which is
best suited for all situations. The most
desirable and effective method for a
given situation will vary with the climate,
greenhouse construction , and type of
plants being grown. Table 1 summarizes
the effectiveness of the different
methods of energy conservation tested
in this study.

The Chimney Cooling Effect

In some areas energy for summer
cooling can be nearly as costly as for
heating during the winter. Thus, energy
conservation is an important factor
during both the heating and cooling
season .
When openings are made at both
ends of a greenhouse placed on a
hillside, air is drawn in at the bottom
and exhausted out the upper end. This
has been termed the chimney cooling
effect. Study was given to determine the
ability of this chimney effect to cool the

TABLE 1. Comparison of the percent
reduction In fuel for the
various treatments tested.
Treatment applied to
the greenhouse

Hillside greenhouse
Louvered greenhouse
Thermal storage with water
Insulating blankets
Denser material
Less dense material
Heating with warm brine

% reduction
In fuel
consumption

23%
46%
24%
30%
26%
44%

Open tanks of water incorporated into
the greenhouse design can be used for
both cooling in the summer and thermal
storage in the winter. Having the surface of the greenhouse at a more
desirable angle to the sun, as in the
hillside greenhouse, is an effective way
of increasing solar radiation entering the
greenhouse. This not only increases the
level of light in the greenhouse but also
reduces the energy requirement.
The louvered greenhouse has
potential for greatly reducing heat loss
at night, but because of shading should
not be used with plants having a high
light requirement. Insulating blankets
are effective in reducing fuel consumption and can be used for the
growth of foliage plants and perhaps
bedding plants in the spring .
The chimney effect, together with the
addition of water in open tanks, has
been shown to be successful in
reducing the greenhouse temperature by
as much as 16°F with no energy cost.
The use of solar ponds as an alternate
source of energy for greenhouses is still
in the developmental stage but appears
promising.
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F

luoride is found in man's natural
environment and, under normal
conditions, is present in our food, water,
soil , air, vegetation, and body. Concentrations of fluoride found in various
components are shown in Table 1.
Much fluoride in our environment
comes from industrial sources and the
natural fluoride chain is supplemented in
fluoride by a mall-made chain as
illustrated in Figure 1. Fluoride may be
significantly increased in the air, water,
food , soil, vegetation, and mammals by
industrial sources.

ANIMALS
Animals normally ingest small amounts
of fluoride with positive effects. Humans
especially benefit from low amounts of
fluoride inasmuch as the incidence of
dental caries may be significantly
reduced. Fluoride may also be of value
in delaying osteoporosis and has been
used effectively in treatment of
idiopathic and steroid osteoporosis, but
not without side effects .

PHOTO CAPTIONS
FIGURE 2. A shallow culinary well in
India with some of the vil/agers.
Photo by G. W. MILLER

FIGURE 3. A young boy (left) showing
fluoride effects in India.
Photo by G. W. MILLER

FIGURE 4. Advanced stages of fluoride
Injury in a woman in India.
Photo by G. W. MILLER

FIGURE S. Fluoride Toxicosis from a
combination of vegetation and water
ingestion.
Photo by J . L. SHUPE

FIGURE 6. Fluoride damage on pine
showing necrosis on tips and
progressing downward with more
severity.
Photo by J . L. SHUPE

Animals can also be exposed to toxic
amounts of fluoride even under natural
conditions . In India, fluoride toxicosis is
a severe problem affecting 30 to 60
million people. The fluoride endemic
areas are primarily in rural villages
where the water supply is from shallow
wells (Figure 2). The soil in these areas
is very alkaline, having high sodium and
very low calcium levels. The waters may
contain up to 30 ppm fluoride resulting
from high fluoride present in the form of
apatite minerals in the soil. Such high
concentrations cause severe skeletal
damage. crippling and aging of people in
early life (Figures 3 and 4).
In regions of the Western United
States, water from deep wells are used
for sprinkle-irrigation of crops. Waters
from 300 of these wells were tested and
70 percent were found to have fluoride
concentrations from 2-30 ppm. These
waters may be consumed directly by
animals or they may eat forage which
was sprinkle-irrigated with such water.
Vegetation may accumulate high levels
of fluoride under these conditions.
Fluoride from industrial sources may
elevate concentrations in the air far
above ambient levels (less than 0.1
ppb). A survey of U.S. cities (industrial
areas) in 1960 found levels of 2-13 ppb
with high values of 50 ppb being found
on particular days. Such high levels of
fluoride in the air may induce an accumulation in plants far in excess of 30
ppm. This vegetation , when continuously
ingested by livestock. may result in
skeletal and dental damage. Animals are
shown that had ingested high amounts
of fluoride with problems manifested
particularly in the legs (Figure 5). A
comparison of the bones of animals
which ingested different fluoride levels
exhibit different degrees of fluoride
injury (Figure 7). Animals ingesting
water containing over 2.5 ppm fluoride
over a prolonged period of time would
show similar injury symptoms.

PLANTS
Gaseous fluoride is taken up primarily
through the stomata of transpiring
plants, since considerably less fluoride
accumulates under conditions when
stomata are closed. There is negligible
contribution to leaf fluoride content by
uptake through the roots.
Once in the leaf. hydrogen fluoride
will dissolve within the aqueous phase
of the substomatal cavity, where the
ionic form will move through the
apoplasmic space of the cell walls of
the mesophyll cells with the transpirational stream to the leaf tips and
margins. Leaf tips and margins accumulate the highest concentration of
fluoride and are the site of initial visible
injury (Figure 6). Some of the dissolved
fluoride does 110t reach the leaf margins
but rather crosses the plasmalemma,
entering the cell where it accumulates
within sub-cellular organelles (e.g. mitochondria, chloroplasts and vacuole).
Fluoride concentrations increase in the
leaf tissue at almost a linear rate when
exposed to a constant fluoride level over
time (Figure 8).
The nutrient status of the plant cells
may greatly influence the degree of
toxicosis exhibited. Many mineral
nutrients can form relatively stable salt
1.7 x
complexes (e.g. CaF 2, Ksp
10- 10) with ionic fluoride . The availability
of divalent cations (Le. Ca 2 +, Mg2+ and
Mn2+) may influence the plant's sensitivity to fluoride by preCipitation, which
renders the nutrient and fluoride
biologically inactive. This type of
protective mechanism can, however,
lead to indirect mineral stresses.
Environmental conditions are also
known to influence fluoride uptake and
distribution. Long-term exposure to
fluoride with normal water movement
through the leaf will favor accumulation
within the tips and margins, while stress
conditions which result in slower
vegetative growth and lower rates of
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water movement will favor a more
uniform distribution of fluoride across
the leaf.
Effects at Different Levels of
Biological Organization

Plants are affected at different levels of
biologic organization through the
chemical interactions that occur once
fluoride is taken into the tissue. Effects
on the cell or biochemical mechanisms
in the cell are manifested by alterations
in the tissue or organism that ultimately
affect the entire ecosystem. The fluoride
effects are complex because they are
involved in many biochemical reactions,
processes and sites at different levels of
organization and times of occurrence.
To understand the effects of fluoride on
plant growth and development in terms
of physiological, cytological and biochemical manifestations, the integrated
and controlled reactions of the entire
cell, tissue and organism must be
considered .

FIGURE 1. Fluoride in the enVironment through industrial and
other man-made sources.
FIGURE 7. Cross sections of Bovine
metatarsal bone (hind leg). Left,
normal; right, abnormal
osteofluorosis.
PHOTO BY J. L. SHUPE
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FIGURE 8. Accumulation of fluoride
In the leaves of corn plants
fumigated with 40 ppb F over an
8-day period.
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TABLE 1. Fluoride in man's natural environment.
Description of Fluoride

Component
SOIL

76 ppm in sandy soil. 2640 ppm in heavy clay. High F
soils generally have high CaC0 3 (90% F bound).

AIR

Average fluoride concentration , 0.04-1 .2 ppb. Less
than 8% urban areas and 0.2% rural areas have over
0.1 ppb F.

WATER

Average levels 0.1 to 1 ppm . India has waters with
high fluoride (lOW calcium) up to 25 ppm . America has
waters (high calcium) up to 25 ppm.

VEGETATION

Normally levels 1-15 ppm. Tea may have 400 ppm.

TERRESTRIAL MAMMALS

Bone less than 1,000 ppm, soft organs less than 5
ppm.

OCEAN

Ionic fluoride 0.4-0.7 ppm (a similar amount bound as
magnesium).

SEAFOOD

High in fluoride : Mackerel 27 ppm (fresh weight), fish
protein 761 ppm (dogfish).

ENTIRE FOOD CHAIN, AMOUNT
CONSUMED PER DAY BY MAN .

0.4 to 0.8 mglday (U.S. fluoride-free area), 1.0 mg/day
(Czechoslovakia), 1.0 mg/day (world average).

Cellular and Structural Damage

Histochemical studies of fluoride-injured
plants have indicated that the damage
to leaves first occurs in the spongy
mesophyll and lower epidermis, followed
by distortion and disruption of chloroplasts in the palisade cells. The upper
epidermis is last to exhibit any distortion
or collapse.
Wei (1972) described a slight
disorganization of mesophyll cells in HFfumigated soybean (Glycine max, Merr.),
after three days of fumigation at 40 ppb.
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ppm-parts per million. ppb-parls per billion. mg-milligram.

FIGURE 9

FIGURE 10

Cells from leaves fumigated with 40-50
ppb of hydrogen fluoride for 1 day.

Various injured cells from slightly
chlorotic leaves exposed to 40-50 ppb of
HF for 3 days.

21A.

21 B.

Palisade mesophyll cells showing
normal peripheral location of cell
components (x3,000).
Portion of palisade mesophyll cell
showing normal structure of
chloroplast and nucleus with
nucleolus (x13,000).

21C. Arrows show stacks of parallelly
aggregated rough ER in the palisade
cytoplasm (x13,800).
21 D. A mitochondrion with DNAcontaining nucleoid and several
mitochondrial granules also showing
stack of many ER (x16,000).
21 E.

Normally organized spongy
mesophyll cells with arrow showing
the presence of a few small lipiddroplet-like globules in the
cytoplasm (x 3, 000).

21 F.

Survey micrograph showing normal
vascular tissue except a few lipiddroplet-like globules are observed in
bundle sheath parenchyma cell
(arrow) (x3,OOO).

23A.

Palisade mesophyll cell showing
increased size and number of lipid
globules in the peripheral
cytoplasm. Arrows indicate the
breaking of tonoplast (x3,600).

23B. Spongy mesophyll cell also containing many lipid-droplet-like
globules (x3,600).
23C. Portion of a mesophyl/ cell showing
normal nucleus and chloroplast.
Arrows indicate the disruption of
tonoplast (x9,200).
230. Bundle sheath cells showing the
presence of small vacuoles,
ribosomes and lipid-droplet-like
globules in the cytoplasm. Slightly
dilated mitochondrial cristae is
indicated by an arrow (x 13,800).
23E.

A survey micrograph showing the
vascular bundle and adjacent
spongy mesophyll cells. Arrows
show the vesiculated tonoplast, and
double arrows show the clumped
cell mass within a vascular parenchyma cell (x3,000).

From WeI (1972). Ph.D. Thesis. Utah State University.
From Wei (1972). Ph.D. Thesis. Utah State University.

Chlorosis developed later and, after five
days, a few spongy mesophyll cells and
lower epidermal cells collapsed. After
six days, necrosis was evident, cellular
organization was disrupted, and no
chloroplasts were recognizable.
The first noticeable cellular change
consisted of increased and aggregated
endoplasmic reticulum (Figure 9).
Subsequently (second day of fumigation), small vacuoles were formed in the
cytoplasm, and phytoferretin accumulated in chloroplasts. With further
fumigation , lipid droplets accumulated in
the cytoplasm; mitochondrial membranes showed a slight swelling, and a
few mitochondria had lost the electron
density of the matrix (Figure 10). At this
time the tonoplast appeared to break up
into vesicles and many multivesicular
bodies appeared in the cytoplasm. Mitochondria later began to degenerate, but
the chloroplasts remained unaffected
until after five days of fumigation .
Tonoplast breakdown releases
phenols and organic substances, which
induce osmotic changes in the
cytoplasm as well as exerting toxic
effects on it, thereby hastening
degeneration of other cell organelles.
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Enzymes

Fluoride has an effect on enzymes
associated with glycolysis, respiration,
photosynthesis and other reaction
systems (Table 2). Enolase (Miller, 1957)
is particularly sensitive to fluoride and is
inhibited in vitro at concentrations as
low as 10-4M. Some enzymes such as
glucose-6-phosphate dehydrogenase,
catalase and peroxidase are enhanced
in vitro by fluoride.
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Chloroplast: Site of Photosynthesis

Effects of fluoride on photosynthesis
have been cited in various reports
(Chang, 1975). An early symptom of
fluoride damage is a loss of chlorophyll
(chlorosis). Gronebaum and Mahle
(1976) studied concentrations of
chlorophyll a and b in poplar leaves
exposed to fluoride, and found that
chlorophyll content of the leaves
decreased 30 percent relative to that
found at the beginning of the growing
season. This reduction in chlorophyll
may be related to destruction of the
chloroplasts or to direct fluoride effects
on chlorophyll biosynthesis. Lebedev
and Alenikov (1973) concluded that
inhibition of enolase by fluoride in barley
sprouts affected the formation of
necessary organiC acids, precursors for
chlorophylls and xanthophylls. Study has
also been made of the incorporation of
C14 aminolevulinic acid into the
chlorophyll porphyrin precursors,
chlorophyll a and pheophytin a, in
fluoride-treated tobacco. These studies
revealed that fluoride at 10- 4 to 10-2M
inhibited the incorporation. It was also
found that fluoride inhibited the ALA
conversion of coproporphyrinogen into
uroporphyrinogen (a chlorophyll
biosynthetic step) in tobacco.
Lhoste and Garrec (1975) found
chloroplasts from Zea mays to be affected early by fluoride . Major effects
on the chloroplasts were on the
thylakoids and loss of the aqueous
phase in the intra-thylakoid space.
Horvath et al. (1978) described a
definite inhibition of photosynthesis in
Vi cia faba L. subjected to fumigation
treatments at 50 ppb fluoride. This
effect on photosynthesis was accompanied by a destruction of the
92 UTAH SCIENCE

FIGURE 11. Fluoride inhibition on 02
solution (phosphoglycerate dependent)
from intact chloroplasts.

granal and lamellar membrane systems
of the chloroplasts.
The rate of photosynthesis in
numerous plants is inhibited by fluoride .
The net carbon dioxide uptake (apparent
photosynthesis) was inhibited in leaves
of alfalfa and barley that had been
fumigated with hydrogen fluoride for two
hours (Bennett and Hill, 1973). The rates
of inhibition were 5 and 40 percent,
respectively, at 40 and 200 ppb levels of
fluoride. When fumigation ceased,
normal photosynthetic rates were
restored if cellular destruction had not
occurred. The apparent photosynthetic
rates in needles of three pine species
and leaves of six hardwood species
were decreased when they were exposed to soluble fluoride (10- 4 to 10-2M
NaF). The dark respiration of these
leaves was stimulated or inhibited
depending on the length of exposure or
concentration of fluoride (McLaughlin
and Barnes, 1975). This concurrent
stimulation of dark respiration and
inhibition of apparent photosynthesis
suggested that growth could be reduced
with low levels of fluoride accumulation.
The Hill reaction is reported to be
inhibited in chloroplasts from bean by
potassium fluoride within a pH range of
4.8 to 5.7 (Ballantyne, 1972). No
inhibition was detected at a higher pH.
Additionally if a chloroplast preparation
contained added MgCI 2 or MgS0 4
before the fluoride was introduced, no
effect on the Hill reaction was observed.
This apparently involved an effect on the
soluble fluoride in the reaction mixture.

Similar results were observed with
isolated chloroplast of poplar and
spinach (Gao and Guan, 1982). These
studies demonstrate that fluoride
inhibits the Hill reaction, but at pH
values far below those found in vivo.
Recent work with pea shoots incubated
in 30 mM KF solutions displayed
reduced noncyclic electron transport.
This was attributed to inhibition of
photosystem II (Ballantyne and Glover,
1980). In contrast, recent work on the
effects of fluoride on photophosphorylation indicated that fluoride did not
inhibit uncoupled electron transport but
was a competitive inhibitor of ATPase
activity (Radike and Winget, 1974). As
can be seen from the above discussion,
further study is necessary to determine
the nature of fluoride 's effect on
chloroplast biochemistry.
Recently this laboratory initiated
research to determine the location of
fluoride inhibition on chloroplast
chemistry and to try and clear up the
contradictions found in past studies.
The chloroplasts were assayed for
percent of intactness and contamination. A preparation of 80 percent
intact chloroplasts was assayed for
fluoride's effects on PGA dependent O2
evolution at phYSiological pH (Figure
11). Fluoride as low as 10 mM inhibited
O2 evolution by 25 percent at
physiological pH values. Subsequently,
thylakoid preparations were examined
for the effects of fluoride on uncoupled
electron transport and coupled electron
transport rates. It was found that
fluoride had no effect on coupled or
uncoupled electron transport at concentrations as high as 50 mM . Similarly,
using a reconstituted transport system,
no fluoride effects were observed on
ferredoxin NADP reductase activities
with concentrations as high as 50 mM.
The above data SUbstantiates that
fluoride does inhibit chloroplast
biochemistry, but at a site other than
the photosynthetic electron transport
chain. Currently, examination of fluoride
effects on Calvin cycle enzymes, the
process of CO 2 fixation , is underway in
this laboratory.
In summary, it appears that not only
does fluoride disrupt chloroplast
ultrastructure, but there also is an
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immediate inhibition of some basic
biochemical functions. This inhibition at
present has not been located, but it
doesn't appear that its effect is on
phosphorylation or electron transport.
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One of the earliest manifestations of
fluoride toxicity in plants is a change in
respiration rates. Alterations in oxygen
consumption and carbon dioxide
evolution of plants exposed to fluoride
result from changes in glucose
catabolism via the respiratory pathways.
Either stimulation or inhibition occurs
depending on a number of factors such
as plant species, concentration of
fluoride, age of tissues, length of exposure, pH of culture medium, and
interactions between various mineral
elements and fluoride.
Just as general plant susceptibility to
fluoride varies with the species, so does
the effect of fluoride on respiration.
Thus, Chenopodium murale, which is
very sensitive to hydrogen fluoride
fumigation , may be injured when treated
with less than 1 ppb F for a few days,
whereas soybean (Glycine max) may be
injured only by prolonged fumigation at
above 20 ppb F (Yu and Miller, 1967).
Fluoride at low concentrations has
enhanced oxygen uptake in Chlorella
pyrenoidosa (McNulty and Lords, 1960),
bush bean plants Phaseolus vulgaris
(Applegate and Adams, 1960), and
soybean plants Glycine max (Yu and
Miller, 1967). Oxygen uptake in plants is
accelerated at fluoride concentrations
below those that induce visible foliar
symptoms of fluorosis (Yu and Miller,
1967) (Figure 12). Increased oxygen
consumption as a result of fluoride
treatment has been related to light
exposure. According to Suketa et aI. ,
(1975), the oxygen uptake by gladiolus
leaves in the light was increased by HF,
but in darkness HF slightly decreased
oxygen uptake.
Fluoride inhibition of respiration has
been reported in a number of plant
species, including radish, Chenopodium,
soybean, Chlorella, Rubus hispidus,
Triticum vulgare, and Chicory. Fluoride
at both high and low concentrations
resulted in an initial stimulation followed
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FIGURE 12. Effects of fluoride concentration on the respiratory rate of
soybean leaf discs. From Yu and Miller
(1967). Plant & Cell Physiol. 8:483-493.

by inhibition of respiration in soybean
leaf tissue (Figure 12).
While fluoride-induced respiratory
effects have been studied extensively,
the mechanism involved in the observed
changes is not well understood.
Decreased tissue respiration following
exposure to fluoride may be attributed in
large part to an inhibition of respiratory
enzymes (Table 2).
On the other hand, the reasons for
fluoride-induced respiratory stimulation
in plant tissues are less obvious.
Polygonum, after exposure to fluoride,
exhibited an increased use of the
pentose phosphate pathway. This was
evident with fluoride-stimulated
respiration in Polygonum and fluorideinhibited respiration in Chenopodium.
Subsequently, our laboratory showed
that the activities of cytochrome
oxidase, peroxidase, catalase, and
glucose-6-phosphate dehydrogenase
were enhanced in fluoride-injured
tissues. Fluoride may disrupt basic
cellular energetics in some manner and
thus increase oxygen consumption by
increasing amounts of phosphate acceptor (ADP) or donor (ATP). We have
proposed that increases in ADP levels
might be partially responsible for
fluoride-stimulated respiration in
necrotic tissues.
We attempted to establish whether
respiration changes induced by fluoride
were correlated with ADP concentrations by using 2,4-dinitrophenol (DNP),
an uncoupler of oxidative
phosphorylation. The rise in respiration

may be due solely to use of an uncoupler; all classic uncouplers allow
respiration to proceed near maximal
rates since phosphorylation does not
occur. Results show a close similarity
between the effects of DNP and of
fluoride (Le., at low concentrations DNP
stimulated respiration while at high
concentrations it was inhibitory). Further
experiments indicated that a significant
DNP-induced respiratory response
occurred only in older leaves (Yu and
Miller, 1967).
Miller and Miller (1974) subsequently
investigated the respiration of tissue and
the ATPase activity of isolated mitochondria from soybean leaves treated
with fluoride. A correlation was found
among tissue respiration, mitochondrial
respiration, and mitochondrial ATPase
activity. When tissue respiration was
elected by fluoride treatment, the
respiration and ATPase activity of
mitochondria were increased. The same
pattern was found for respiration of
fluoride-inhibited tissue (Table 3).
Mitrochondria and Membrane Effects

Green soybean leaf tissue that had been
fumigated for 48 hours with 9-12 g/m 3
hydrogen fluoride displayed increased
oxygen consumption and an apparently
higher than normal ATPase activity,
which might result in higher than
average ADP pools within the cell (Table
3). Since fluoride effects on respiration
remain unresolved by these observations, it is useful to examine the
organelle (the mitochondrion) responsible for respiration when it is free of
cytoplasmic interference.
The mitochondrion, the site of cellular
respiration, is a specialized organelle
that couplex oxygen consumption with
oxidative phosphorylation. The organelle
consists of two membrane envelopes
surrounding a central space referred to
as the matrix. The outer membrane is
freely permeable to molecules of less
than 5,000-10,000 molecular weight. The
inner membrane functions as a permeability barrier to most molecules,
thus separating mitochondrial components (e.g., the tricarboxylic acid
cycle enzymes found in the matrix) from
the cytosol. The inner membrane also
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TABLE 2. Enzymes or systems affected by
fluoride In higher plants.
Enzyme or System

has the electron transport system
embedded vectorially across it, as wel l
as a coupled ATPase located on the
matrix side. Coordination between
cytoplasmic and mitochondrial reactions
requires the movement of a metabolic
intermediate across the inner membrane.
An important criterion for the functioning of mitochondria is the efficiency
with which the free energy released
from the oxidized organic molecule is
captured for the synthesis of ATP.
Classical measures of this efficiency
are: the number of moles of ATP formed
per mole of substrate oxidized
(ADP/Oxygen ratio); and the dependence
of the rate of oxidation on the presence
or absence of ADP and inorganic
phosphate (Pi). This latter method is
determined by the ratio of oxygen
consumption with non-limiting concentrations of ADP and Pi to that
without. This ratio is termed the
respiratory control ratio (RC) and is
often indicative of the integrity of the
mitochondria.
Mitochondria isolated from young
green soybean plants (Glycine max)
fumigated with 9-12 ppb hydrogen
fluoride showed a stimulation of
respiration after two days of treatment
(Miller and Miller, 1974). When exposure
was continued for an additional two
days, oxygen consumption was
inhibited.
Miller and Miller (1974) proposed that
a possible explanation for these fluorideinduced ATPase phenomena might be a
disruption of membrane integrity. It had
been previously established that
mechanical disruption of pea
mitochondria resulted in an increased
ATPase activity (Forti, 1957).
Other lines of evidence point to the
membrane as a possible site of fluoride
damage (Ramagopal et aI. , 1969; Wei,
1972). The standard way to assess nonextensive alterations in membrane integrity is to measure its permeability to
cations or anions with a passive osmotic
swelling experiment in salt solutions
(Brierly, 1977). Mitochondria isolated
from etiolated corn (Zea mays L.)
showed an increasing passive swelling
response and more protein leakage as
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concentrations of potassium fluoride
increase. Th is observat ion indicates the
possibility of a change in membrane
permeability associated with degree of
fluoride exposure.
Corn mitochond ria exposed to 30 mM
sodium fluoride in v itro did not show a
difference in passive osmotic swell ing
when compared with mitochondria in a
similar chloride concentration (Pushnik
and Miller, 1984). This difference might
be correlated with the lesser degree of
permeability associated with the sodium
cation . The integrity of the coupling
membrane was further assessed by
succinate:ferricyanide oxidoreductase
activity. This assay is a spectrophotometric determination of the
oxidation state of potassium ferricyanide
(K 3 Fe(CN)6). This molecule cannot
penetrate the inner mitochondrial
membrane, and by employing appropriate electron transport inhibitors, it
can be used to determine membrane
intactness. Oxidized potassium
ferricyanide absorbs maximally at 410
nm; absorption decreases as the
compound is reduced by succinate
ferricyanide reductase activity. In experiments with 30 mM salt (sodium
chloride, potassium chloride, and
sodium fluoride) , no differences in
potassium ferricyanide reduction were
observed indicating the membrane
remains intact.
Examinat ion of the respiratory
parameters of mitochondria isolated
from etiolated 5-day-old corn shoots and
exposed to 30 mM sodium fluoride in
vitro displayed increased rates of
oxygen consumption as compared with
the control (Pushnik and Miller, 1984). In
addition to increased rates of oxygen
consumption, reductions in respiratory
control and ADP/O ratios were observed. Investigating these observations , we used an externally
coupled ATP-regenerating reaction to
determine fluoride effects on
mitochondrial localized ATPase activity.
It was determined that a 30 percent
reduction in the externally coupled
enzyme activity occurred in intact
mitochondria. This suggested a 30
percent reduction in the availability of
the rate-limiting ADP that was generated

GLYCOLYSIS
Pyruvate kinase
Phosphoglucomutase
UDP g lucose fructose
transglucosylase
Hexokinase
Glucose-6-phosphate
dehydrogenase
Pentose phosphate shunt
Enolase
PEP carboxylase
RESPIRATION
Cytochome oxidase
Perox idase
Catalase
Polyphenol oxidase
Ascorbic acid oxidase
Succ inic dehydrogenase
Mitochondrial ATPase
Malic dehydrogenase
PHOTOSYNTHESIS
U roporphyrinogen deca rboxylase
Hill react ion
Chlorophyll biosynthesis
OTHERS
Phytase
Pyrophosphatase
Amylase
Phosphatase
Esterase
Nitrate reductase
Urease
Cellulose synthesis
Protein synthesis
Lipid synthesis

Effect(3)

(1 )
(2)
(2)
(3)
(3)

(1 )
(3)

(3)

(2,3)
(3)
(2,4)

(2,3,4)
(2,4)
(1 ,3)

(4)

(2)
(2)

(2)
(2)
(2)
(2)
(2)

(2,3)
(2)

(2)
(2)
(2)

(2,4)

· (1) Very sensitive in vitro. (2) Inhibited in vitro. (3) Enhanced
in vitro. (4) Inhibited in vivo.
Miller et at. 1983.

by the mitochondrial ATPase, in
response to externally supplied ATP. To
eliminate the possibil ity of interference
in the reaction rate by a reduced activity
of membrane-bound transporters,
submitochondrial vesicles and trypsinsolublized ATPase F1 ATPase, still
exhibited an approximate 30 percent
reduction in activity when 30 mM
sodium fluoride was included in the
reaction mixture.
It was concluded from these experiments that exposure to 30 mM
sodium fluoride inhibited mitochondrial
ATPase activity. Further, ATPase
inhibition with fluoride exposure is
consistent with the reduced
phosphorus/oxygen observed in
mitochondrial fluoride studies (Lovelace
and Miller, 1964; Heatherbell et aI. ,
1966; Miller and Miller, 1974; Pushnik
and Miller, 1982).

TABLE 3. Influence of HF·fumlgatlon on respiration of soybean leaf tissue and ATPase
activity of extracted mitochondria.
Respiration rate

ATPase activity

Treatment

Extracted
mitochondrial protein
mg/30 9 tissue

02 nmol/mln/10 discs

P, nmollmlnlmg protein

48h
Control
Fluoride

0.25
0.28

24 ± 2.3
34 ± 5.2

37± 0.8
44 ± 1.3

96h
Cont rol
Fluoride

0.24
0.29

18 ± 2.3
10 ± 2.7

39 ± 4.0
23 ± 4.8

From Miller and Miller (1974), Physiol. Plant. 32:115-121 .

Dinitrophenol (DNP), a classic uncoupler of oxidative phosphorylation
from electron transport reactions, fa iled
to increase respirat ion in fluoridetreated tissue to the same extent as it
did in control tissues (Yu and Miller,
1967). These data suggest that fluoride
exposure may induce some degree of
uncoupling.
The effects of fluoride on
mitochondrial membrane potentials
using a fluorochrome, 1-anilinonaphthalene-8-sulfonic acid (ANS). When
ANS, an anionic probe, is incubated with
a membrane preparation, it distributes
itself between the medium and the
membrane according to the transmembrane potent ial. Migrat ion of ANS

into an apolar medium such as the
phosphol ipid bi layer membrane, induces
a strongly fluorescent character. Differences in ANS fluorescence
associated with changes in the membrane potentials are a result of the
relative distribution of ANS molecules
between the membrane and buffer
phases. During the energization of intact
mitochondrial membranes, fluorescence
is quenched. This indicates that ANS
anion molecules have moved out of the
lipid membrane phase in response to
the outward movement of positive
charges. In experiments with 30 mM
sodium fluoride in the assay solution,
the fluorescent quenching was reduced
by 10 percent compared with that of a

chloride control assay. These results
indicate that fluoride treatment of
isolated mitochondria reduced the
energized membrane potential and,
since increased respiratory rates were
observed in similarly treated
mitochondria, it is proposed that fluoride
is acting as a weak classic uncoupler.
This interpretation is consistent with
the increased respiration in Chlorella
pyrenoidosa that followed an increase in
the hydrogen fluorige concentration in
the medium. Such a view also substantiates the correlation between the
reduced DNP-stimulation of oxygen
consumption in fluoride-treated tissue
with both fluoride-induced loss of
respiratory control and fluoride-reduced
ADP/O rat ios (M iller and Miller, 1974;
Pushnik and Miller, 1984).
ACKNOWLEDGEMENTS
The authors would like to express thanks to Kathleen
Warnick for continuous input during the preparation 01 th is
manuscript. We would like to also thank Dr. LeGrande Shupe
for contributi ng photographs.

RE FERENCES
Ballantyne, D. J . and B. L. Glover. 1980. Chloroplast electron
transport , protein and RNA in fluoride-treated pea shoots.
En vironmenta l and Experimenta l Botan y 21 :83·88.

Lovelace, C. J . and G. W. Miller. 1967. In vitro effects 01
fluoride on tricarboxylic acid cycle dehydrogenases and
oxidative phosphorylation: Part I. I. His tochem. Cytochem.
15:195-201 .

Bennett, J . H. and A. C. Hill. 1973. Inhibition of apparent
photosynthesis by air pollutants. I. En viron. Qua l. 2:526530.

Miller, G. W. 1958. Properties of enolase in extracts Irom
pea seed. Plant Ph ysiol. 33:299-306.

Brierley, G. P. 1977. Effects of heavy metals on isolated
mitochondria. In: Biochemical Effects of Environmental
Pollutants. S. D. Lee (ed.) Ann Arbor Sclenc, Mich.

Miller, J. E. and G. W. Miller. 1974. Effect 01 fluoride on
mitochondrial activity in higher plants. Phys iol. Plant.
32:115-121 .

Chang, C. W. 1975. In: Responses of Plants to Air Pollution,
J . B. MUdd.

Miller, G. W., M. H. Yu and J . C. Pushnik. 1983. Basic
metabolic and physiologic eflects of fluorides on
vegetation. In: Fluorides. Paragon Press, Inc. Salt Lake
City, Utah.

Gronebaum·Turck, K. and P. Mahle. 1976. The effects of
different concentrations 01 fluorine on the content of
ch lorophylls a and b in poplar leaves. Eur. I . Forest Pathol.
6:57·59.
Heatherbell, D. A., B. H. Howard, and A. J. Wicken. 1966.
The effects of growth retardants on the respiration and
coupled phosphorylation of preparations from etiolated pea
seedlings. Ph ytochem. 5:635-642 .
Horvath, I. 1980. The influence of fluoride compounds on the
photosynthetic and growth processes of model plants
(Fagop yrum esulentum, Vida 'aba ). Bioi. Pro 3:2· 127.
Lebedev, S. I. and I. M. Alenikov. 1973. Sources of
biosynthesis 01 plastid pigments. DOKL AKAD NAHK SSSR
SER BioI. 212:767·769.
Lhoste, A. M. and J . P. Garrec. 1975. Fluoride effects on
chloroplast ultrastructure of lea Ma ys: Biometrical Study.
I . M icrosc. Bioi. Cell 24:351 ·364.

Pushnik, J. and G. W. Miller. 1984. The effect of fluoride on
isolated plant mitochondria membrane properties and
oxidative phosphorylation. 13th International Fluoride
Proceedings, India. In Press.
Radike, M. and J . Winget. 1974. Unpublished data.
Ramagopal, S., G. W. Welkie, and G. W. Miller. 1969.
Fluoride injury 01 wheat roots and calcium nutrition. Plant
and Cell Phys iol. 10:675-685.
Suketa, Y., Y. Masui, S. Hayakawa, Y. Sugeno, and T.
Yamamoto. 1975. Biological studies on environmental
pollution by fluoride. II I. Effects of hydrogen fluoride gas
on gladiolus, iris, and c rocus metabolism. Nippon Nogei
Kaga ku Ka is hi 49 :647-652.
Wei, L. L. 1972. Effect of hydrogen fluoride on ultrastructure
of soybean leaf cells. Ph.D. Thesis. Utah State Univ. pp.

166.
Lorenc·Kubis, I. and B. Morawieck. 1978. Phosphatase
activity of Poa pratensis seeds: III. Effect of fluoride,
c it rate, urea and other substances on the ac tivity of acid
phosphatase la2 and la3' Acta Soc. Bot. Pol. 47:83·90.

Yu, M. H. and G. W. Miller. 1967. Effect of fluoride on the
respiration of leaves Irom higher plants. Plant & Cell
Physiol. 8:483-493.

ABOUT THE AUTHORS

Gene W. Miller is a professor and head of
the Department of Biology. He received his
BS and MS degrees in soil chemistry from
USU and his PhD in plant biochemistry from
North Carol ina State University. His work at
USU has been on the role of iron in porphyrin
and chlorophyll biosynthesis. His other area
of emphasis has been the effects of HF air
pollution on vegetation.
James C. Pushnik is a research associate
working on the role of iron in the
establishment of normal chloroplast
photosynthetic activities and effects of
fluoride on higher plants. He received his BA
in biology and MS in biology/genetics from
Humboldt State University and PhD in
biology/plant biochemistry from USU .
John Giannini is a PhD student working on
the effects of fluoride on chloroplast
biochemistry. He graduated from Humboldt
State University with an MA in biology.
majoring in plant physiology.
John Manwaring received his BS degree in
applied biology at USU in 1977. and is
currently pursuing his MS in biology. He is
studying the effects of fluoride on the uptake
of selected nutrients in corn plants.
FALL 1964

95

